Dialog level 05.19.02d 

Last logoff: 28sep07 12:18:30 
Logon file405 01oct07 13:44:13 

*** ANNOUNCEMENTS *** 

NEW FILES RELEASED 

***BI0SIS Previews Archive (File 552) 
***BI0SIS Previews 1969-2007 (File 525) 

-Engineering index Backfile (File 988) 
***Trademarkscan - South Korea (File 655) 

RESUMED UPDATING 

***File 141, Reader's Guide Abstracts 

RELOADS COMPLETED 
***File 156, ToxFile 
***Files 154 & 155, MEDLINE 

***File 5, BIOSIS Previews - archival data added 

***Files 340, 341 & 942, CLAIMS/U.S. Patents - 2006 reload now online 
NEWS 

Chemical Structure Searching now available in Prous Science Drug 
Data Report (F452) , Prous Science Drugs of the Future (F453) , 
IMS R&D Focus (F445/955), Pharmaprojects (F128/928) , Beilstein 
Facts (F390) , Derwent Chemistry Resource (F355) and index Chemicus 
(File 302). 

»>For the latest news about Dialog products, services, content«< 
»>and events, please visit what's New from Dialog at «< 
»>http: //www. dial og.com/whatsnew/. You can find news about«< 
»>a specific database by entering HELP NEWS <file number>.«< 
»>PR0FILE is in a suspended state. 

»>Contact Dialog Customer Services to re-activate it. 

SYSTEM: HOME 

Cost is in Dial units 

Menu System II: D2 version 1.8.0 term=ASCll 

*** DIALOG HOMEBASE(SM) Main Menu *** 

information: 

1. Announcements (new files, reloads, etc.) 

2. Database, Rates, & Command Descriptions 

3. Help in Choosing Databases for Your Topic 

4. Customer Services (telephone assistance, training, seminars, etc.) 

5. Product Descriptions 

Connections: 

6. DIALOG(R) Document Delivery 

7. Data Star(R) 

(c) 2003 Dialog, a Thomson business. All rights reserved. 

/H = Help /L = Logoff /NOMENU = Command Mode 



Enter an option number to view information or to connect to an online 
service. Enter a BEGIN command plus a file number to search a database 
(e.g. , Bl for ERIC) . 

? 

Terminal set to DLINK 

*** DIALOG HOMEBASE(SM) Main Menu *** 

information: 

1. Announcements (new files, reloads, etc.) 

2. Database, Rates, & Command Descriptions 

3. Help in Choosing Databases for Your Topic 

4. Customer Services (telephone assistance, training, seminars, etc.) 

5. Product Descriptions 



Connections: 
6. DIALOG(R) Document Delivery 



7. Data Star(R) 

(c) 2003 Dialog, a Thomson business. 
/H = Help /L = Logoff 



All rights reserved. 
/NOMENU = Command Mode 



Enter an option number to view information or to connect to an online 
service. Enter a BEGIN command plus a file number to search a database 
(e.g. , Bl for ERIC) . 
? b 347,350 

01oct07 13:44:17 User263760 Session D4960.1 
$0.00 0.265 Dial units FileHomeBase 
$0.00 Estimated cost FileHomeBase 
$0.02 TELNET 

$0.02 Estimated cost this search 

$0.02 Estimated total session cost 0.265 Dial units 



SYSTEM: OS - DIALOG OneSearch 

File 347:DAPI0 Dec 1976-2007/3un(updated 070926) 

(c) 2007 IPO & JAPIO 
File 350:Derwent WPIX 1963-2007/UD=200761 
(c) 2007 The Thomson Corporation 
*File 350: dwpi has been enhanced to extend content and functionality 
of the database. For more info, visit http://www.dialog.com/dwpi/. 

Set Items Description 



? edit 

Editor entered 
Name: *NEW* 
Total lines: 0 
Line increment: 10 
Last line: 0 
INPUT: 10 

? s task? ? or transaction? ? or job? ? or activity or activities or action? 
or event? ? 
INPUT: 20 

? s sl(5n) (priority or priorities or importance or important or weigh??? or 
scor??? or grade? ? or grading or rate? ? or rating or sort??? or order???) 
INPUT: 30 

? s deadline or due()date 
INPUT: 40 

? s (max or maximum or absolute or final or finale or last or effective or fi 
or definitive) (2w)s3 
input: 50 

? s s2(20n) (formula?? or algorithm? ? or procedure? ?) 
INPUT: 60 

? s sl(5n) (determin?????? or calculat???? or find??? or compute or computes c 
computed or computing or measur? or defin??? or deriv???) 
input: 70 

? s divid??? or division or mod 

INPUT: 80 

? s tmax or t()max 

INPUT: 90 

? set kwic 30 

INPUT: 100 



Returning to EDIT mode 

edit: 

? 1 

10. S TASK? ? OR TRANSACTION? ? OR DOB? ? OR ACTIVITY OR ACTIVITIES OR 

ACTION? ? OR EVENT? ? 
20. S Sl(5N) (PRIORITY OR PRIORITIES OR IMPORTANCE OR IMPORTANT OR 

WEIGH??? OR SCOR??? OR GRADE? ? OR GRADING OR RATE? ? OR RATING OR 

SORT??? OR ORDER???) 
30. S DEADLINE OR DUE()DATE 

40. S (MAX OR MAXIMUM OR ABSOLUTE OR FINAL OR FINALE OR LAST OR EFFECTIVE 
OR FIRM OR DEFINITIVE) (2W)S3 



70. 
80. 
90. 
edit: 

? 

edit: 
? r 
Name: 
Total 
Line 
Last 
EDIT 
? 1 



S S2C20N) (FORMULA?? OR ALGORITHM? ? OR PROCEDURE? ?) 

S Sl(5N) (DETERMIN?????? OR CALCULAT???? OR FIND??? OR COMPUTE OR 

COMPUTES OR COMPUTED OR COMPUTING OR MEASUR? OR DEFIN??? OR DERIV???) 

S DIVID??? OR DIVISION OR MOD 
S TMAX OR T()MAX 
SET KWIC 30 



*NEW* 

lines: 9 
increment: 10 
line: 90 

10. S TASK? ? OR TRANSACTION? ? OR DOB? ? OR ACTIVITY OR ACTIVITIES OR 
ACTION? ? OR EVENT? ? 

S Sl(5N) (PRIORITY OR PRIORITIES OR IMPORTANCE OR IMPORTANT OR 
WEIGH??? OR SCOR??? OR GRADE? ? OR GRADING OR RATE? ? OR RATING OR 
SORT??? OR ORDER???) 
S DEADLINE OR DUE()DATE 

S (MAX OR MAXIMUM OR ABSOLUTE OR FINAL OR FINALE OR LAST OR EFFECTIVE 
OR FIRM OR DEFINITIVE) (2\A/)S3 

S S2(20N) (FORMULA?? OR ALGORITHM? ? OR PROCEDURE? ?) 
S Sl(5N) (DETERMIN?????? OR CALCULAT???? OR FIND??? OR COMPUTE OR 
COMPUTES OR COMPUTED OR COMPUTING OR MEASUR? OR DEFIN??? OR DERIV???) 



EDIT: 



S DIVID??? OR DIVISION OR MOD 
S TMAX OR T()MAX 
SET KWIC 30 



EDIT: 

? save temp ken 
Temp SearchSave " 
Exit from editor 
? exs ken 

38718 
60804 
44801 
448905 
40831 
668576 
134752 

51 1210449 

1210449 
62565 
4743 
10179 
46429 
1068087 
38571 
76494 
9112 
924959 
17263 
277659 
981435 

52 33678 



988 
1049077 
49416 
403 
! 1378 
122732 
366774 
72658 



TASK? ? 

TRANSACTION? ? 
DOB? ? 
ACTIVITY 
ACTIVITIES 
ACTION? ? 
EVENT? ? 

TASK? ? OR TRANSACTION? ? OR DOB? ? OR ACTIVITY OR 

ACTIVITIES OR ACTION? ? OR EVENT? ? 

Si 

PRIORITY 

PRIORITIES 

IMPORTANCE 

IMPORTANT 

WEIGH??? 

SCOR??? 

GRADE? ? 

GRADING 

RATE? ? 

RATING 

SORT??? 

ORDER??? 

Sl(5N) (PRIORITY OR PRIORITIES OR IMPORTANCE OR IMPORTANT 

OR WEIGH??? OR SCOR??? OR GRADE? ? OR GRADING OR RATE? ? 

OR RATING OR SORT??? OR ORDER???) 

DEADLINE 

DUE 

DATE 

DUE(W)DATE 

DEADLINE OR DUE()DATE 

MAX 

MAXIMUM 
ABSOLUTE 



236263 FINAL 

5061 FINALE 

114859 LAST 

621115 EFFECTIVE 

38849 FIRM 

3886 DEFINITIVE 

1378 S3 

54 15 (MAX OR MAXIMUM OR ABSOLUTE OR FINAL OR FINALE OR LAST OR 

EFFECTIVE OR FIRM OR DEFINITIVE) (2W) S3 

33678 S2 

1056853 FORMULA?? 

58192 ALGORITHM? ? 

281544 PROCEDURE? ? 

55 690 S2(20N) (FORMULA?? OR ALGORITHM? ? OR PROCEDURE? ?) 
Processing 

1210449 Si 

1326266 DETERMIN?????? 

675683 CALCULAT???? 

146251 FIND??? 

20629 COMPUTE 

47242 COMPUTES 

86104 COMPUTED 

124335 COMPUTING 

1567594 MEASUR? 

943357 DEFIN??? 

503333 DERIV??? 

56 80173 Sl(5N) (DETERMIN?????? OR CALCULAT???? OR FIND??? OR 

COMPUTE OR COMPUTES OR COMPUTED OR COMPUTING OR MEASUR? 
OR DEFIN??? OR DERIV???) 

710440 DIVID??? 

148593 DIVISION 

3866 MOD 

57 788372 DIVID??? OR DIVISION OR MOD 

2004 TMAX 

628762 T 

122732 max 

383 T(W)MAX 

2310 TMAX OR T()MAX 



Set Items Description 

51 1210449 TASK? ? OR TRANSACTION? ? OR JOB? ? OR ACTIVITY OR ACTIVIT- 

IES OR ACTION? ? OR EVENT? ? 

52 33678 Sl(5N) (PRIORITY OR PRIORITIES OR IMPORTANCE OR IMPORTANT OR 

WEIGH??? OR SCOR??? OR GRADE? ? OR GRADING OR RATE? ? OR RAT- 
ING OR SORT??? OR ORDER???) 

53 1378 DEADLINE OR DUE()DATE 

54 15 (MAX OR MAXIMUM OR ABSOLUTE OR FINAL OR FINALE OR LAST OR - 

EFFECTIVE OR FIRM OR DEFINITIVE) (2W) S3 

55 690 S2(20N) (FORMULA?? OR ALGORITHM? ? OR PROCEDURE? ?) 

56 80173 Sl(5N) (DETERMIN?????? OR CALCULAT???? OR FIND??? OR COMPUTE 

OR COMPUTES OR COMPUTED OR COMPUTING OR MEASUR? OR DEFIN??? - 
OR DERIV???) 

57 788372 DIVID??? OR DIVISION OR MOD 

58 2310 TMAX OR T()MAX 

? s u"ltimate(2w)s3 or ultimately()due 
8604 ULTIMATE 
1378 S3 

0 ULTIMATE (2W) S3 
7120 ULTIMATELY 
1049077 DUE 

4 ULTIMATELY (W) DUE 
S9 4 ULTIMATE (2W) S3 OR ULTIMATELY () DUE 



? ds 



Items Description 
1210449 TASK? ? OR TRANSACTION? ? OR JOB? ? OR ACTIVITY OR ACTIVIT- 
IES OR ACTION? ? OR EVENT? ? 
33678 Sl(5N) (PRIORITY OR PRIORITIES OR IMPORTANCE OR IMPORTANT OR 
WEIGH??? OR SCOR??? OR GRADE? ? OR GRADING OR RATE? ? OR RAT- 



ING OR SORT??? OR ORDER???) 

53 1378 DEADLINE OR DUE()DATE 

54 15 (MAX OR MAXIMUM OR ABSOLUTE OR FINAL OR FINALE OR LAST OR - 

EFFECTIVE OR FIRM OR DEFINITIVE) (2W) S3 

55 690 S2(20N) (FORMULA?? OR ALGORITHM? ? OR PROCEDURE? ?) 

56 80173 Sl(5N) (DETERMIN?????? OR CALCULAT???? OR FIND??? OR COMPUTE 

OR COMPUTES OR COMPUTED OR COMPUTING OR MEASUR? OR DEFIN??? - 
OR DERIV???) 

57 788372 DIVID??? OR DIVISION OR MOD 

58 2310 TMAX OR T()MAX 

59 4 ULTIMATE(2W)S3 OR ULTIMATELY()DUE 
? 

? ds 

Set Items Description 

51 1210449 TASK? ? OR TRANSACTION? ? OR JOB? ? OR ACTIVITY OR ACTIVIT- 

IES OR ACTION? ? OR EVENT? ? 

52 33678 Sl(5N) (PRIORITY OR PRIORITIES OR IMPORTANCE OR IMPORTANT OR 

WEIGH??? OR SCOR??? OR GRADE? ? OR GRADING OR RATE? ? OR RAT- 
ING OR SORT??? OR ORDER???) 

53 1378 DEADLINE OR DUE()DATE 

54 15 (MAX OR MAXIMUM OR ABSOLUTE OR FINAL OR FINALE OR LAST OR - 

EFFECTIVE OR FIRM OR DEFINITIVE) (2W) S3 

55 690 S2(20N) (FORMULA?? OR ALGORITHM? ? OR PROCEDURE? ?) 

56 80173 Sl(5N) (DETERMIN?????? OR CALCULAT???? OR FIND??? OR COMPUTE 

OR COMPUTES OR COMPUTED OR COMPUTING OR MEASUR? OR DEFIN??? - 
OR DERIV???) 

57 788372 DIVID??? OR DIVISION OR MOD 

58 2310 TMAX OR T()MAX 

59 4 ULTIMATE(2W)S3 OR ULTIMATELY() DUE 
? s s2 and (s4 or s9) 

33678 S2 
15 S4 
4 S9 

S10 1 S2 AND (S4 OR S9) 

? t/ti/1 

10/TI/l (Item 1 from file: 350) 
DIALOG (R) Fi 1 e 350: (c) 2007 The Thomson Corporation. All rts. reserv. 

Control system for executing tasks within transactions - reduces longest 
dead-line by increment to give new dead-line if initial maximum end-to-end 
delay exceeds desired maximum end-to-end delay 

Original Titles: 

Steuerungssystem 
Control system 
Systeme de commande 
Control system. 

? t/3,k/l 

10/3, K/l (item 1 from file: 350) 
DIALOG (R) File 350:Derwent WPIX 

(c) 2007 The Thomson Corporation. All rts. reserv. 

0009039153 - Drawing available 
WPI ACC NO: 1998-597045/199851 
XRPX Acc No: N1998-464652 

Control system for executing tasks within transactions - reduces longest 
dead-line by increment to give new dead-line if initial maximum end-to-end 
delay exceeds desired maximum end-to-end delay 

Patent Assignee: ROLLS-ROYCE PLC (RORO) 
inventor: BATE I; BURNS A 
Patent Family (2 patents, 26 countries) 
Patent Application 

Number Kind Date Number Kind Date update 

EP 880094 A2 19981125 EP 1998303886 A 19980518 199851 B 

US 6151538 A 20001121 US 199881065 A 19980519 200101 E 

Priority Applications (no., kind, date): GB 199710522 A 19970523 



Patent Details 

Number Kind Lan Pg Dwg Filing Notes 

EP 880094 A2 EN 7 6 

Regional Designated States , Original : AL AT BE CH CY DE DK ES Fl FR GB GR 
IE IT LI LT LU LV MC MK NL PT RO SE SI 

Alerting Abstract ...end delay of the transaction is calculated using the 
initial deadlines D and the given order of the tasks . if the initial 
maximum end-to-end delay exceeds the desired maximum end-to-end... 

...A new end-to-end delay is calculated using the new deadlines and the 
given order of the tasks . The alterations are repeated until the new 
end-to-end delay does not exceed the... 

Original Publication Data by Authority 



Original Abstracts: 

A hybrid control system executes tasks within a transaction which is 
executed in a given order . The order in which the tasks are 
executed is inversely proportional to their deadlines. The deadlines are 
assigned an initial deadline D, an initial maximum end-to-end delay of 
the transaction is calculated using the initial deadlines D and the given 
order of the tasks . The deadline of the task with the largest 
deadline is reduced by an increment to give a new deadline and... 

...A new end-to-end delay is calculated using the new deadlines and the 
given order of the tasks . These steps are repeated until the new 
end-to-end delay does not exceed the desired maximum end-to-end... 

...A hybrid control system executes tasks within a transaction which is 
executed in a given order . The order in which the tasks are executed 
is inversely proportional to their deadlines. The deadlines are assigned 
an initial deadline D, an initial maximum end- to -end delay of the 
transaction is calculated using the initial deadlines D and the given 
order of the tasks . The deadline of the task with the largest 
deadline is reduced by an increment to give a new deadline and if... 

...A new end-to-end delay is calculated using the new deadlines and the 
given order of the tasks . These steps are repeated until the new 
end-to-end delay does not exceed the desired maximum end-to-end delay. 
Claims: 

...system for executing tasks within a transaction, wherein: the tasks 
within the transaction must be executed in a given order and within 
given deadlines; the order in which the tasks are executed once they 

are released is inversely proportional to their deadlines; the 
transaction must be executed within a. . . 

...the following way: i) each task is assigned an initial deadline D; 

ii) an initial maximum end- to -end delay of the transaction is 
calculated using the initial deadlines D and the given order of the 
tasks ; iii) if the initial maximum end-to- end delay exceeds the 

desired maximum end-to-end delay; a) the deadline of the task... 

...a new end-to-end delay is calculated using the new deadlines and the 
given order of the tasks ; and d) steps a) to c) are repeated 

until the new end -to-end delay does not exceed the desired maximum 
end-to-end delay. . . 

...within a transaction, wherein: the tasks within the transaction must be 
executed in a given order and within given deadlines ; the order in 
which the tasks are executed once they are released is inversely 
proportional to their deadlines; the transaction must be executed 
within a desired maximum end-to-end delay; and the deadlines used by the 
control system have been assigned... 

...to-end delay of the transaction is calculated using the initial 
deadlines D and the given order of the tasks ; iii) if the initial 
maximum end-to-end delay exceeds the desired maximum end-to-end delay; a) 
the deadline of the task with the longest deadline is reduced by an 
increment to give a new deadline ; b) for each task, if the task 
following has an equivalent deadline, its deadline is... 



S7 


788372 


S8 


2310 


S9 


4 


S10 


1 


Sll 


1 


? s s2 


and sll 



...deadline; c) a new end-to-end delay is calculated using the new 
deadlines and the given order of the tasks ; and d) steps a) to c) 
are repeated until the new end-to-end delay 
? s pn=us 20050022187 

511 1 PN=US 20050022187 

? ds 

Set Items 

IES OR ACTION? ? OR EVENT? ? 
33678 S1C5N) (PRIORITY OR PRIORITIES OR IMPORTANCE OR IMPORTANT OR 
WEIGH??? OR SCOR??? OR GRADE? ? OR GRADING OR RATE? ? OR RAT- 
ING OR SORT??? OR ORDER???) 
1378 DEADLINE OR DUE()DATE 

15 (MAX OR MAXIMUM OR ABSOLUTE OR FINAL OR FINALE OR LAST OR - 
EFFECTIVE OR FIRM OR DEFINITIVE) (2W) S3 
690 S2(20N) (FORMULA?? OR ALGORITHM? ? OR PROCEDURE? ?) 
80173 Sl(5N) (DETERMIN?????? OR CALCULAT???? OR FIND??? OR COMPUTE 
OR COMPUTES OR COMPUTED OR COMPUTING OR MEASUR? OR DEFIN??? - 
OR DERIV???) 

DIVID??? OR DIVISION OR MOD 
TMAX OR T()MAX 

ULTIMATE(2W)S3 OR ULTIMATELY()DUE 
S2 AND (S4 OR S9) 
PN=US 20050022187 

33678 S2 
1 Sll 

512 1 S2 AND Sll 
? t/e,k/l 

>»'E' not a valid format name 
? t/3,k/l 

12/3 ,K/1 (item 1 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2007 The Thomson Corporation. All rts. reserv. 

0014783910 - Drawing available 
WPI ACC NO: 2005-131593/ 200514 
XRPX Acc No: N2005-112815 

Earliest deadline first scheduling method in real time multimedia 
applications, involves checking number of tasks to be scheduled, and 
processing predetermined tasks in shortest deadline first order from 
updated lowest priority 

Patent Assignee: LG ELECTRONICS INC (GLDS) 
inventor: PARK M; PARK M 3 
Patent Family (8 patents, 35 countries) 
Patent 
Number 

US 20050022187 
DP 2005044326 
EP 1522924 
CN 1577253 
KR 2005011559 
KR 524763 
3 P 3890045 
CN 1307531 

Priority Applications (no., kind, date): KR 200350708 A 20030723 

Patent Details 

Number Kind Lan 

US 20050022187 Al EN 
DP 2005044326 A DA 12 
EP 1522924 A2 EN 

Regional Designated States , Original : AL AT BE BG CH CY CZ DE DK EE ES Fl 

FR GB GR HU IE IT LI LT LU LV MC MK NL PT RO SE SI SK TR 
KR 524763 B KO Previously issued patent KR 2005011559 







Application 










Kind 


Date 


Number 


Kind 


Date 


Update 




Al 


20050127 


US 2003668320 


A 


20030924 


200514 


B 


A 


20050217 


DP 2003334442 


A 


20030925 


200514 


E 


A2 


20050413 


EP 200321619 


A 


20030925 


200525 


E 


A 


20050209 


CN 2003160148 


A 


20030926 


200532 


E 


A 


20050129 


KR 200350708 


A 


20030723 


200535 


E 


B 


20051031 


KR 200350708 


A 


20030723 


200680 


E 


B2 


20070307 


D P 2003334442 


A 


20030925 


200719 


E 


C 


20070328 


CN 2003160148 


A 


20030926 


200751 


E 



Dwg Filing Notes 



3 P 3890045 B2 3A 13 Previously issued patent DP 2005044326 



...real time multimedia applications, involves checking number of tasks to 
be scheduled, and processing predetermined tasks in shortest deadline 
first order from updated lowest priority 

...novelty - The tasks to be scheduled are checked. The priorities 
are allocated to the tasks . The current time of a computer system is 
updated as the lowest priority and the predetermined tasks are 
processed in a shortest-deadline-first order from the updated lowest 
priority on a. . . 

Original Publication Data by Authority 
Original Abstracts: 

An EDF scheduling method comprising the steps of: checking the number of 
tasks to be scheduled; allocating priorities to the tasks ; updating 
current time as the lowest priority ; and processing the tasks in a 
shortest-deadline-first order from the updated lowest priority on a 
temporal axis. A time indicator for indicating the... 

...An EDF scheduling method comprising the steps of: checking the number of 
tasks to be scheduled; allocating priorities to the tasks ; updating 
current time as the lowest priority ; and processing the tasks in a 
shortest-deadline-fi rst order from the updated lowest priority on a 
temporal axis. A time indicator for indicating the... 
Claims: 

An EDF scheduling method comprising: checking the number of tasks to be 
scheduled; allocating priorities to the tasks ;updating current time as 
the lowest priority ; andprocessi ng the tasks in a 
shortest-deadline-fi rst order from the updated lowest priority on a 
temporal axis . . . 

...<b>l</b>. An EDF scheduling method compri si ng : checki ng the number of 

tasks to be scheduled; allocating priorities to the tasks ; updating 

current time as the lowest priority ; andprocessi ng the tasks in a 

shortest-deadline-fi rst order from the updated lowest priority on a 

temporal axis . . . . 

Basic Derwent week: 200514 ... 

? ds 

Set Items Description 

51 1210449 TASK? ? OR TRANSACTION? ? OR DOB? ? OR ACTIVITY OR ACTIVIT- 

IES OR ACTION? ? OR EVENT? ? 

52 33678 Sl(5N) (PRIORITY OR PRIORITIES OR IMPORTANCE OR IMPORTANT OR 

WEIGH??? OR SCOR??? OR GRADE? ? OR GRADING OR RATE? ? OR RAT- 
ING OR SORT??? OR ORDER???) 

53 1378 DEADLINE OR DUE()DATE 

54 15 (MAX OR MAXIMUM OR ABSOLUTE OR FINAL OR FINALE OR LAST OR - 

EFFECTIVE OR FIRM OR DEFINITIVE) (2W) S3 

55 690 S2(20N) (FORMULA?? OR ALGORITHM? ? OR PROCEDURE? ?) 

56 80173 Sl(5N) (DETERMIN?????? OR CALCULAT???? OR FIND??? OR COMPUTE 

OR COMPUTES OR COMPUTED OR COMPUTING OR MEASUR? OR DEFIN??? - 
OR DERIV???) 

57 788372 DIVID??? OR DIVISION OR MOD 

58 2310 TMAX OR T()MAX 

59 4 ULTIMATE(2W)S3 OR ULTIMATELY () DUE 

510 1 S2 AND (S4 OR S9) 

511 1 PN=US 20050022187 

512 1 S2 AND Sll 
? s (S4 or s9) and sll 

15 S4 
4 S9 
1 Sll 

513 0 (S4 OR S9) AND Sll 
? s s3 and sll 

1378 S3 
1 Sll 

514 1 S3 AND Sll 
? t/3,k/l 

14/3, K/l (item 1 from file: 350) 
DIALOG (R) File 350: Derwent WPIX 

(c) 2007 The Thomson Corporation. All rts. reserv. 



0014783910 - Drawing available 
WPI ACC NO: 2005-131593/ 200514 
XRPX Acc No: N2005-112815 

Earliest deadline first scheduling method in real time multimedia 
applications, involves checking number of tasks to be scheduled, and 
processing predetermined tasks in shortest deadline first order from 
updated lowest priority 

Patent Assignee: LG ELECTRONICS INC (GLDS) 

inventor: PARK M ; PARK M 3 

Patent Family (8 patents, 35 countries) 



Number 
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Date 


Number 


Kind 


Date 


Update 




US 20050022187 


Al 


20050127 


US 2003668320 
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20030924 


200514 
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DP 2005044326 
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20050217 


HP 2003334442 
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20030925 


200514 
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EP 1522924 


A2 


20050413 


EP 200321619 


A 


20030925 


200525 


E 


CN 1577253 
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20050209 


CN 2003160148 


A 


20030926 


200532 


E 


KR 2005011559 


A 


20050129 


KR 200350708 


A 


20030723 


200535 


E 


KR 524763 


B 


20051031 


KR 200350708 


A 


20030723 


200680 


E 


HP 3890045 


B2 


20070307 


HP 2003334442 


A 


20030925 


200719 


E 


CN 1307531 


C 


20070328 


CN 2003160148 


A 


20030926 


200751 


E 



Priority Applications (no., kind, date): KR 200350708 A 20030723 
Patent Details 

Number Kind Lan Pg Dwg Filing Notes 

US 20050022187 Al EN 8 4 
DP 2005044326 A JA 12 
EP 1522924 A2 EN 

Regional Designated States .Original : AL AT BE BG CH CY CZ DE DK EE ES Fl 

FR GB GR HU IE IT LI LT LU LV MC MK NL PT RO SE SI SK TR 
KR 524763 B KO Previously issued patent KR 2005011559 

JP 3890045 B2 ja 13 Previously issued patent JP 2005044326 



Earliest deadline first scheduling method in real time multimedia 
applications, involves checking number of tasks to be scheduled, and 
processing predetermined tasks in shortest deadline first order from 
updated lowest priority 

Alerting Abstract ...is updated as the lowest priority and the 
predetermined tasks are processed in a shortest- deadline -first order from 
the updated lowest priority on a temporal axis. USE - For scheduling 
earliest deadline first (edf) algorithm in real time multimedia 
applications. . . 

Original Publication Data by Authority 



Original Abstracts: 

...tasks; updating current time as the lowest priority; and processing the 
tasks in a shortest- deadline -first order from the updated lowest priority 
on a temporal axis. A time indicator for... 

...tasks; updating current time as the lowest priority; and processing the 
tasks in a shortest- deadline -first order from the updated lowest priority 
on a temporal axis. A time indicator for... 
Claims: 

.. .tasks; updating current time as the lowest priority; andprocessi ng the 
tasks in a shortest- deadline -first order from the updated lowest priority 
on a temporal axis . . . 

.. .tasks; updating current time as the lowest priority; andprocessi ng the 

tasks in a shortest- deadline -first order from the updated lowest priority 

on a temporal axis.... 
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ABSTRACT 

...tasks are scheduled, a higher priority is set to the one having a higher 
adaptive deadline , and the execution order of tasks is determined . 
when the tasks are executed, the adaptive deadline is set corrected) 
according to the communication waiting time obtained from the result of the 
execution of the tasks. Namely, the respective adaptive deadline of the 
tasks are renewed so that the communication waiting time is shortened. 
Thereafter, the execution order of tasks is renewed according to the 
adaptive deadline renewed every execution of the tasks. 
COPYRIGHT: (C) 2001 , J PO 
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Task managing method for use in database server, involves automatically 
ascertaining that condition precedent in selected sequenced task has been 
completed before subsequent selected sequenced task is initiated 
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claims: 

...plurality of defined tasks that need to be completed to accomplish the 
desired process; automatically sequencing the selected certain tasks 
in an order in which the tasks need to be completed; automatically 
identifying the certain tasks that have a condition precedent; assigning a 
deadline date on each selected and sequenced task to be completed; 
automatically assigning each of the tasks to a task ful filler; initiating 
a first task in said sequenced order; automatically monitoring the 
completion of said... 

...is initiated; determining, by said automated task fulfiller, a 
preselected number of days before said deadline date that an assigned and 
sequenced task is outstanding; and automatically issuing a notification, by 
said automated task fulfiller, if the task fulfiller has not been able to 
complete the assigned task by the deadline date. 
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Sheet metal fabrication process scheduling method, involves determining if 
set of on time jobs does not exceed scheduled due dates and modifying set 
of on time jobs if set of on time jobs exceeds scheduled due dates 
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Original Abstracts: 

...time delivery (OTD) of a fabrication process. A scheduling heuristic, 
referred to as weighted Forward Algorithm (wfa) , is applied to a set of 
fabrication jobs to reduce the weighted number of late delivery of a 
single machine with a setup. Certain exemplary embodiments can... 

...jobs, a set of late jobs and a set of jobs to be scheduled; normalizing 
job set by due date order and processing requirements; and 
determining if the set of on time jobs will meet scheduled due dates, and 
i f not . . . 

...time delivery (OTD) of a fabrication process. A scheduling heuristic, 
referred to as weighted Forward Algorithm (WFA), is applied to a set of 
fabrication jobs to reduce the weighted number of late delivery of a 
single machine with a setup. Certain exemplary embodiments can... jobs, a 
set of late jobs and a set of jobs to be scheduled; normalizing job set 
by due date order and processing requirements; and determining if 
the set of on time jobs will meet scheduled due dates, and if not... 
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Task management method in human resources department of company, involves 

automatically sending message to supervisor, if automated task fulfil ler 

has not been able to complete assigned task by deadline date 
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...to supervisor, if automated task fulfiller has not been able to complete 
assigned task by deadline date 

...NOVELTY - A deadline date is assigned for each selected and 
sequenced task to be completed. The completion of... 

...automatically. A message is sent to a supervisor, at preselected number 
of days before the deadline date, if the automated task fulfiller has not 
been able to complete the assigned task by the deadline date. 
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Claims: 

...from the plurality of defined tasks that need to be completed to 
accomplish the desired project ; automatically sequencing the selected 
certain tasks in an order in which the tasks need to be 
completed; automatically identifying the certain tasks that have a condition 
precedent; assigning a deadline date on each selected and sequenced task 
to be completed; automatically assigning each of the tasks to an automated 
task fulfiller ;initiating a first task in said sequenced order by said 
automated. . . 

...task fulfiller determining by said automated task fulfiller a 
preselected number of days before said deadline date that an assigned and 
sequenced task is outstanding; andautomatically issuing a notification by 
said automated task fulfiller if the automated task fulfiller has not been 

able to complete the assigned task by the deadline date. 
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Resource management method for real-time data processing system, involves 
providing lower priority to fixed priority activities than reservation 
activities 
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...are scheduled to run concurrently. A first subset of tasks are defined 
as reservation activities, each having specified parameters for 
determining priority among other reservation activities . Specified 
reservation activity parameters may include a resource consumption 
amount, execution time period, deadline , start time and/ or reservation 
lifetime. The system also supports resource allocation among fixed-priority 
activities, such as may... 
Claims: 

...allocating resource accesses on a reservation activity basis, each such 
reservation having specified parameters for determining a priority 
allocation among other reservation activities ;allocating other resource 



accesses as fixed priority activities , the fixed priority 
activities each having a priority value with respect to other fixed 
priority activities; andwherein the... 
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Job request disclosure method in advertising industry, involves comparing 
responses to job request received from service provider with responses to 
be received, so as to disclose request to service provider outside group 
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Original Abstracts: 

...passes, lower rated members are shown the job until the quota of 
responses or the deadline is reached. 



...passes, lower rated members are shown the job until the quota of 

responses or the deadline is reached. 

Claims: 

...request comprising a quota that indicates the number of responses to be 
received and a deadline for receipt of the responses, the method 
comprising determining a reputation rating for each of a plurality of 
service providers; disclosing the job request to a group of service 
providers, wherein the reputation rating of each of the... 

...the job request from at least one service provider within the 
group;prior to the deadline , comparing a number of responses received 
with the quota;if the number of responses received is lower than the 
quota, disclosing the job request to service providers... 
...request comprising a quota that indicates the number of responses to be 
received and a deadline for receipt of the responses, the method 
comprising: determining a reputation rating for each of a plurality of 
service providers; disclosing the job request to a group of service 
providers, wherein the reputation rating of each of the service providers 



...the job request from at least one service provider within the 
group;prior to the deadline , comparing a number of responses received 
with the quota;if the number of responses received is lower than the quota, 
disclosing the job request to service providers outside the group, wherein 

the disclosing is carried out in order of decreasing reputation rating. 
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workflow process management method for workflow resources, involves 
executing activities of work node in accordance with selected priority 
level to meet expected deadline of process 
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...involves executing activities of work node in accordance with selected 
priority level to meet expected deadline of process 

...work node, is selected by comparing corresponding ETC value with 
remaining time available for process deadline . Activities associated with 
work nodes, are executed in accordance with selected priority level to meet 
the expected deadline . 
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original Abstracts: 

...workflow process to bring execution time for said process at least 
closer to an expected deadline . The process includes a plurality of 
work nodes and a set of priority levels associated with each work node... 

...corresponding ETC value less than or equal to a remaining time available 
to meet said deadline ; and executing activities associated with said 
work nodes in accordance with said selected priority levels to 
substantially meet said expected deadline . 



...workflow process to bring execution time for said process at least 
closer to an expected deadline . The process includes a plurality of work 
nodes and a set of priority levels associated with each work node. The 
method includes the steps... 

...corresponding ETC value less than or equal to a remaining time available 
to meet said deadline ; and executing activities associated with said work 
nodes in accordance with said selected priority levels to substantially 
meet said expected deadline. > 
Claims: 

...workflow process to bring execution time for said process at least 
closer to an expected deadline , said process including a plurality of 
work nodes and a set of priority levels associated with each work node... 

...corresponding ETC value less than or equal to a remaining time available 

to meet said deadline ; andexecuting activities associated with said work 

nodes in accordance with said selected priority levels to substantially 
meet said expected deadline . 



...workflow process to bring execution time for said process at least 
closer to an expected deadline , said process including a plurality of 
work nodes and a set of priority levels associated with each work node, 
said method including the steps of generating for each work node a set of 
expected time to. . . 

...time to complete the process including the time taken by the 
corresponding node to complete its activity for a selected priority 
level, wherein said ETC values are generated using formula ETC=eta+2sigma 
and wherein eta is a statistical mean and a is a statistical standard 



deviation of values collected during a learning phase; selecting for each 
work node a priority level that has a corresponding ETC value less than or 
equal to a remaining time available to meet said expected deadline ; 
andexecuting activities associated with said work nodes in accordance with 
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...an event is selected by the user. The information such as name of a 
person, due date , completion percentage and comments regarding each 
user selected event are displayed and stored into corresponding... 

Original Publication Data by Authority 



Original Abstracts: 

...selected integration area, displaying at least one of a name of a person 

responsible, a due date , a completion percentage , and a commentary 
for each user selected, pre-defined integration event, and storing the user 
selected. . . 

...selected integration area, displaying at least one of a name of a person 

responsible, a due date , a completion percentage, and a commentary for 

each user selected, pre-defined integration event, and storing the user 
selected, pre-defined integration events and... 



.selected integration area, displaying at least one of a name of a person 



responsible, a due date , a completion percentage, and a commentary for 
each user selected, pre-defined integration event , and storing the user 
selected, pre-defined integration events and corresponding integration 
areas as an . . . 
Claims: 

...selected integration area; displaying at least one of a name of a person 
responsible, a due date , a completion percentage, and a commentary for 
each user selected, pre-defined integration event; and storing the user 
selected, pre-defined integration events and at least one of the name of a 
person responsible, the due date , the completion percentage, and the 
commentary for each user selected, pre-defined integration event into 
corresponding integration areas , as an acquisition integration project 
plan. . . 

...to operations phase of the acquisition process ; displaying a name of a 
person responsible, a due date , a completion percentage, and a 
commentary for each user selected, pre- defined integration event and 
each automatically selected, pre- defined integration event; andstoring 
the user selected and the automatically selected integration events and the 
name of a person responsible , the due date , the completion 
percentage, and the commentary for each integration event into 
corresponding integration areas, asBasic Derwent week: 200319 
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Task controller e.g. for scheduling/execution control of real-time task , 
determines priority of execution of task in memory, next to execution 
of pre- deadline errored task based on deadline error generation 
frequency 
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Task controller e.g. for scheduling/execution control of real-time task , 
determines priority of execution of task in memory, next to execution 
of pre- deadline errored task based on deadline error generation 
frequency 

Alerting Abstract ...novelty - a task scheduler (10) determines the 
priority of execution of task stored in a task control information 
memory (8), next to execution of pre- deadline errored task based on 
deadline error generation frequency ... .advantage - improves stability of 
real-time system by reducing the deadline error generation frequency... 
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Task priority decision apparatus for workflow system, has process deadline 
determining unit for determining process deadline for specific task 



information 
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Task priority decision apparatus for workflow system, has process deadline 
determining unit for determining process deadline for specific task 
information 

Alerting Abstract ...novelty - a retrieving unit (Id) extracts process 
deadline determining information from a document information acquired by a 
document information acquisition unit (lc) . A process deadline 
determining unit (lg) determines a process deadline for a piece of task 
information on the basis of the extracted process deadline determining 
information. .. .lg Process deadline determining unit 

original Publication Data by Authority 



Original Abstracts: 

...processing system that performs a work process by sending and receiving 
task information. The apparatus is capable of automatically determining 
process priority of a piece of information concerning a task . A 
task information extracting unit extracts a piece of task information. A 
related document information acquiring unit acquires document information 
related to the piece of task information. A process deadline determining 
information retrieving unit extracts process deadline determining 
information from the document information. A process deadline 
determining unit determines a process deadline for the piece of task 
information on the basis of the process deadline determining information. 



eiaims: 

...related to said piece of task information extracted by said task 
information extracting means; process deadline determining information 
retrieving means for extracting process deadline determining information 
from said document information acquired by said related document 
information acquisition means; and process deadline determining means 
for determining a process deadline for said piece of task information on 
the basis of the process deadline determining information extracted by 
said process deadline determining means. 
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Real time periodic and aperiodic task scheduling and message passing 
adapted to analyze timing behavior within a multiple-task system utilizing 
undelayed and single sample delayed message connections 
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Original Abstracts: 

...among software task objects and hardware objects. Task priorities are 
assigned inversely with period or deadline , so that tasks with shorter 
periods or deadlines have higher scheduling priorities. Periods of 
high-criticality tasks are decomposed into smaller pieces that are 
sequentially dispatched at higher rates where the initial assignment of 
priority is inconsistent with task criticality. The methods provide 
for deterministic communication among periodic processes . 



...among software task objects and hardware objects. Task priorities are 
assigned inversely with period or deadline , so that tasks with shorter 
periods or deadlines have higher scheduling priorities. Periods of 
high-criticality tasks are decomposed into smaller pieces that are 
sequentially dispatched at higher rates where the initial assignment of 
priority is inconsistent with task criticality. The methods provide 
for deterministic communication among periodic processes. 



...among software task objects and hardware objects. Task priorities are 
assigned inversely with period or deadline , so that tasks with shorter 
periods or deadlines have higher scheduling priorities. Periods of 
high-criticality tasks are decomposed into smaller pieces that are 



sequentially dispatched at higher rates where the initial assignment 
of priority is inconsistent with task criticality. The methods provide 
for deterministic communication among periodic processes . 

Claims: 

...assigned scheduling priority of a plurality of tasks (110) in a 
multitask system (100), comprising: defining a first list of the 
plurality of tasks , wherein the first list of the plurality of tasks 
is sorted with a task deadline as a primary key and a task 
criticality as a secondary key; transforming the task deadline of each 
of the plurality of tasks one at a time using a transformation scenario, 
beginning with the task having the least task deadline , thereby 
producing a transformed task deadline for each of the plurality of 
tasks; defining a second list of the plurality of tasks, wherein the 
second list of the plurality of tasks is sorted with the transformed 

task deadline as the primary key, further wherein each transformed 
task deadline of a task having a first task criticality is less than any 

transformed task deadline of a task having a task criticality less 
than the first task criticality; andassigning scheduling priority in an 
order of the second list of the plurality of tasks, thereby producing the 
assigned scheduling priority... 

...what is claimed is:l. A method of generating an assigned scheduling 
priority of a plurality of tasks in a multitask system, comprising: 
defining a first list of the plurality of tasks, wherein the first list of 
the plurality of tasks is sorted with a task deadline as a primary key 
and a task criticality as a secondary key ; transforming the task deadline 
of each of the plurality of tasks one at a time using a transformation 
scenario, beginning with the task having the least task deadline , thereby 
producing a transformed task deadline for each of the plurality 
of tasks ; defining a second list of the plurality of tasks, wherein the 
second list of the plurality of tasks is sorted with the transformed task 
deadline as the primary key, further wherein each transformed task 
deadline of a task having a first task criticality is less than any 
transformed task deadline of a task having a task criticality less than 
the first task criticality; andassigning scheduling priority in an order of 
the second list of the plurality of tasks, thereby producing the assigned 
scheduling priority. Basic Derwent week: 200132 
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Task scheduling procedure for information processor, involves setting 
execution order of tasks , so that they are executed within preset 
deadline 
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Task scheduling procedure for information processor, involves setting 
execution order of tasks , so that they are executed within preset 
deadline 

Alerting Abstract ...to continuously execute a task (303) following 
execution of task (301). when tasks exceeding a deadline is detected, due 
to replacement of execution order of the task (303), exchange of execution 

...DESCRIPTION OF DRAWINGS - The figure shows the time chart performed in 
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Data transfer request processing scheme for reducing the mechanical actions 
in a data storage system by classifying requests according to completion 
deadlines 

Patent Assignee: TOSHIBA KK (TOKE) 
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...NOVELTY - Requests (105) are received (101) and class switching time i 
set (102) earlier than deadline of request. Scheduler (103) compares 
current time and class switching time and classifies request. Storage... 

Original Publication Data by Authority 



Original Abstracts: 



...in which a completion of data transfer requested by a data transfer 
request within a deadline for completing the requested data transfer, 
specified for the request, is a primary key factor in determining an order 

of processing, and a second class in which a reduction of amounts of 
mechanical actions of a storage device required in carrying out the 
data transfer requested by the request is a primary key factor in 
determining the order of processing. Data transfer requests with respect 
to the storage device are sequentially accepted. Each... 

...current time has not yet exceeded a time earlier by a certain time than 
the deadline . Each data transfer request is classified into the first 
class after the current time has already exceeded the time. > 
Claims: 

...requests with respective deadlines for completing requested data 
transfers; li>regularly checking a relation between a deadline of each 
accepted data transfer request and a current time and classifying each 
accepted data transfer request into one of first and second classes 
according to the proximity of the current time to each deadline ; 
wherein accepted data transfer requests with close deadlines are classified 
into the first class; scheduling processing of first class data transfer 
requests that are classified as the first class by the classifying step 
according to a first scheduling policy in which a completion of data... 

...second class by the classifying step according to a second scheduling 
policy in which a reduction of amounts of the mechanical actions 
required in carrying out data transfers requested by the data transfer 
requests is a primary ke. . .transfer requests with respective deadlines for 
completing requested data transfers; setting a time earlier than a 
deadline of each accepted data transfer request as a corresponding class 
switching time for each... class switching time and each accepted data 
transfer request into a second class when the current time has not yet 
exceeded the corresponding class switching time;scheduling processing of 
fi rst class . . . 

...accepting the data transfer requests; setting, if each accepted data 
transfer request is accompanied with a deadline for completing a 
requested data transfer, a time earlier than the deadline as a 
corresponding class switching time for the accompanied data transfer 
request; repeatedly checking... 

...the current time has not yet exceeded the corresponding class switching 
time;scheduling processing of first class data transfer requests that are 
classified as the first class by the classifying step according to a 
first scheduling policy in which a completion of data... 
Basic Derwent week: 200055 
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Control system for executing tasks within transactions - reduces longest 
dead-line by increment to give new dead-line if initial maximum end-to-end 
delay exceeds desired maximum end-to-end delay 
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Alerting Abstract ...The control system operates in a way that each task 



is assigned an initial deadline . An initial maximum end-to-end delay of 
the transaction is calculated using the initial deadlines D and the given 
order of the tasks . if the initial maximum end-to-end delay exceeds the 
desired maximum end-to-end delay then the deadline of the task with the 
longest deadline is reduced by an increment to give a new deadline . 



...For each task, if the task following has an equivalent deadline , its 
deadline is reduced by an increment to give a new deadline . A new 
end-to-end delay is calculated using the new deadlines and the given order 

of the tasks . The alterations are repeated until the new end-to-end 
delay does not exceed the 

Original Publication Data by Authority 



Original Abstracts: 

A hybrid control system executes tasks within a transaction which is 
executed in a given order . The order in which the tasks are 
executed is inversely proportional to their deadlines. The deadlines are 
assigned an initial deadline D, an initial maximum end-to-end delay of 
the transaction is calculated using the initial deadlines D and the given 
order of the tasks . The deadline of the task with the largest 
deadline is reduced by an increment to give a new deadline and if the 
task following it has an increment to give a new deadline . A new 
end-to- end delay is calculated using the new deadlines and the given 
order of the tasks . These steps are repeated until the new 
end-to-end delay does not exceed the desired maximum end-to-end... 

...A hybrid control system executes tasks within a transaction which is 
executed in a given order . The order in which the tasks are executed 

is inversely proportional to their deadlines. The deadlines are assigned 
an initial deadline D, an initial maximum end- to -end delay of the 
transaction is calculated using the initial deadlines D and the given 

order of the tasks . The deadline of the task with the largest 
deadline is reduced by an increment to give a new deadline and if the 
task following it has an increment to give a new deadline . A new 
end-to-end delay is calculated using the new deadlines and the given 
order of the tasks . These steps are repeated until the new 
end-to-end delay does not exceed the desired maximum end-to-end delay. 
Claims: 

...system for executing tasks within a transaction, wherein: the tasks 
within the transaction must be executed in a given order and within 
given deadlines; the order in which the tasks are executed once they 

are released is inversely proportional to their deadlines; the 
transaction must be executed within a. . . 

...system have been assigned in the following way: i) each task is 

assigned an initial deadline D ; ii) an initial maximum end- to 

-end delay of the transaction is calculated using the initial deadlines D 
and the given order of the tasks ; iii) if the initial maximum 

end-to- end delay exceeds the desired maximum end-to-end delay; a) 
the deadline of the task with the longest deadline is reduced by an 
increment to give a new deadline ; b) for each task, if the task 

following has an equivalent deadline , its deadline is reduced by an 
increment to give a new deadline ; c ) a new end-to-end delay 

is calculated using the new deadlines and the given order of the tasks 
; and d) steps a) to c) are repeated until the new end -to-end 

delay does not exceed the desired maximum end-to-end delay... 

...within a transaction, wherein: the tasks within the transaction must be 
executed in a given order and within given deadlines ; the order in 
which the tasks are executed once they are released is inversely 
proportional to their deadlines; the transaction must be executed 
within a desired maximum end-to-end delay; and the deadlines used by the 
control system have been assigned in the following way: i) each task is 
assigned an initial deadline D ; ii) an initial maximum end-to-end delay 
of the transaction is calculated using the initial deadlines D and the 
given order of the tasks ; iii ) if the initial maximum end-to-end 
delay exceeds the desired maximum end-to-end delay ; a) the deadline of 
the task with the longest deadline is reduced by an increment to 
give a new deadline ; b) for each task, if the task following has an 



equivalent deadline , its deadline is reduced by an increment to give 
a new deadline ; c) a new end-to-end delay is calculated using the new 
deadlines and the given order of the tasks ; and d) steps a) to 
c) are repeated until the new end-to-end delay does not exceed the 
desired maximum end-to-end delay. 
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Automated computer based management method for semiconductor manufacturing 
fabrication plant - involves calculating required turn rate for each lot by 
calculating critical ratio for each lot based on which lots are sorted 
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Alerting Abstract ...a current work-in-progress WIP list are input to a 
CPU (12). Each lot due date is modified by calculating the remaining 
process time of an LDD for each lot. Then... 
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...cycle time and precise delivery to satisfy customer expectations is a 
major task. A dispatching algorithm named "Required Turn Rate (rtr)" 
functions according to the level of current wafers in process (WIP) 
algorithm revising the due date for every lot to satisfy the 
demand from Master Production Scheduling (MPS). Further the RTR algorithm 
calculates the RTR... 

...based on process flow to fulfill the delivery requirement. The RTR 
algorithm determines not only due date and production priority of 
each lot, but also provides RTR for local dispatching. The local 
dispatching systems of each... 
Basic Derwent week: 199847 
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Data processor task scheduling method for computer - by giving execution 
approval to highly prioritised task immediately before task being presently 
performed ends, if end anticipation time of concerned task ends earlier 
than what was previously assumed 
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Patent Family (1 patents, 1 countries) 
Patent Application 

Number Kind Date Number Kind Date update 

DP 8055036 A 19960227 J P 1994210632 A 19940811 199618 B 



Priority Applications (no., kind, date): DP 1994210632 A 19940811 



Patent Details 

Number Kind Lan Pg Dwg Filing Notes 

3 P 8055036 A DA 15 10 



Alerting Abstract ...The method involves determining the execution 
order of a task according to a task execution permission demand that was 
received through a scheduler (102). Once the demand from each task has been 
arranged in order based on a task end deadline , a corresponding task 
table (106) is produced... 
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...SPECIFICATION tasks; updating current time as the lowest priority; and 
processing the tasks in a shortest- deadline -first order from the 
updated lowest priority on a temporal axis, 
in the present invention... 

...a priority level, if the number of the tasks is less than that of the 
priority level, a priority of each task is determined as a value 
obtained by dividing a value obtained by dividing a deadline di)) of a 
corresponding task by a maximum deadline Tmax)) by a specific time unit 
q. The maximum deadline is a relative deadline of a task having the 
longest period among the tasks, and the specific time unit is a value 
obtained by dividing the maximum deadline by the number of a priority 
level . 

The current time is indicated by a current time indicator obtained by 
dividing a value obtained by dividing current time by the maximum 
deadline by the specific time unit. 

in the EDF scheduling method according to another aspect of... 

...tasks are grouped into several sets and one current time indicator is 
set to each task set. 

A priority level (Pi))) of a task having a deadline which is in a 
range of 2m-l)Tmin)) (equivalent to) 2m)Tmin)) is obtained by a formula 
of wherein the q(m) denotes a time unit relevant to the mth) time 
indicator. . . 

...of a priority level relevant to each current time indicator, and the 
di)) denotes a deadline of a corresponding task. Herein, the number of 
the current time indicator is 
A value . . . 

...updated, thereby scheduling the tasks by a relative priority for the 
time indicator without a priority re-allocation process of the tasks . 

>y dividing the longest deadline among 
by the number. . . 

..priority level, and expressed as a following formula 1. 

Herein, the Tmax)) denotes a maximum deadline , and the k denotes the 
number of bits allocated for a priority level. 
A priority level of each task (Pi))) is calculated by a following 
formula 2. 

Herein, di)) denotes a deadline of a corresponding task. 
Also, the time indicator C is updated by a following formula... 

..showing a bitmap structure applied to the EDF scheduling method of the 
present invention. Once priorities of tasks to be scheduled are 

determined by using the formulas 1 and 2, a corresponding priority bit 
is set to the bitmap and the time... 



. . Figures 4A to 4C. 

Figures 4A to 4C are exemplary views for explaining that a priority 
of each task is determined as time elapses. 

As shown in Figure 4A, the Tl having a period of 2... 

. .T3 having a period of 15 reach to a scheduler in time '0', the scheduler 
determines priorities of the tasks by using the formulas 1 and 2. 
in time '0', the maximum deadline Umax )) of said three tasks is 13 
which is equal to the period of the T3... 

..in a second embodiment of the present invention, when it is supposed 
that the shortest deadline among deadlines of tasks to be scheduled is 
Tmin)) and the longest deadline is Tmax )), a quantum q(m) relevant to 
the mth) time indicator is obtained by a following... 

..of a priority level relevant to each time indicator and is obtained by a 
following formula 5. 

Herein, the k denotes the number of a priority level bit. 
A priority (Pi))) of a task having a deadline which is in a range 
of 2m-l)Tmin)) (equivalent to) 2m)Tmin)) is obtained... 

. . CLAIMS tasks; 
updating current time as the lowest priority; and 
processing the tasks in a shortest- deadline -first order from the 
updated lowest priority on a temporal axis. 
2 . The method of . . . 

..wherein if the number of tasks is less than that of the priority level, 
a priority of each task is determined as a value obtained by 
dividing a value obtained by dividing a deadline di)) of... 

..claim 4, wherein the specific time unit is a value obtained by dividing 

the maximum deadline by the number of a priority level. 
7. The method of claim 4, wherein the... 

..by dividing a value obtained by dividing current time of a system by the 
maximum deadline by the specific time unit. 

9. The method of claim 2 or 3, wherein if the number of tasks is less 

than the number of a priority level, a priority of each task 
(Pi))) is calculated by a following formula of in which the di)) 
denotes a deadline of a corresponding task, Tmax)) denotes a 
maximum deadline , and the q denotes a specific time unit. 

10. The method of claim 9, wherein... 

..of claim 10, wherein the specific time unit is calculated by a formula 

of q = Tmax ))2k). 
12. The method of claim 11, wherein current time is updated by a formula 
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...SPECIFICATION not limited to these examples. A plurality of examples and 
possible states may exist. 

The priority 56 of an event 50 is defined preferably as the 
importance of the event 50 and may be set to low, normal or high. This 
setting is based on the urgency of the event 50. 

The deadline 58 of an event 50 is defined preferably as the limiting 
factor of the event. The event 50 is completed whenever the deadline 58 
requirements are satisfied, when the deadline 58 is set, a reminder 60 
may be . . . 

...SPECIFICATION not limited to these examples. A plurality of examples and 
possible states may exist. 

The priority 56 of an event 50 is defined preferably as the 
importance of the event 50 and may be set to low, normal or high. This 
setting is based on the urgency of the event 50. 

The deadline 58 of an event 50 is defined preferably as the limiting 
factor of the event. The event 50 is completed whenever the deadline 58 
requirements are satisfied, when the deadline 58 is set, a reminder 60 
may be . . . 
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...SPECIFICATION The invention addresses deterministic communication 
between two periodic processes. It includes a communication model, a 
deadline reduction technique, a period transformation technique and 
implementation efficiency buffer assignment rules. 

in one embodiment, the invention provides a method of generating an 
assigned scheduling priority of a plurality of tasks in a multitask 
system, comprising: 

defining a first list of the plurality of tasks, wherein the first 
list of the plurality of tasks is sorted with a task deadline as a 
primary key and a task criticality as a secondary key; 

transforming the task deadline of each of the plurality of tasks one 
at a time using a transformation scenario. . .at action box 1110. internal 
deadlines are set in action box 1115 such that the deadline of every 
sender task is strictly less than the deadline of all its receivers. 
The list is then sorted by internal deadline in action box 1115. 
internal criticalities are set in action box 1125 to remove conflicts. 
Decision box 1130 determines if multiple tasks in the sorted list 
have equal internal deadlines, if yes, the portion or portions of the 
1 i st havi ng . . . 

...receive undelayed messages for each processor begins at action box 1140. 
The list generated in action box 1140 is sorted by user-specified 
deadline in action box 1145. Decision box 1150 determines if 
multiple tasks in the sorted list have equal user-specified 
deadlines, if yes, the portion or portions of the list... 

...this example via controlled run-time time slicing, into a task with 
smaller period and deadline and consequently higher priority . 

The transformation algorithm operates on tasks one at a time, 
starting with the task having least deadline . The list of tasks can be 
viewed as a concatenation of sublists HELpu where p. . . 

...among software task objects and hardware objects. Task priorities are 
assigned inversely with period or deadline , so that tasks with shorter 
periods or deadlines have higher scheduling priorities. Periods of high 

...into smaller pieces that are sequentially dispatched at higher rates 
where the initial assignment of priority is inconsistent with task 
criticality. System models define electronic systems and instructions 
for carrying out the scheduling and message passing of the multitask... 
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...SPECIFICATION message 91 form a part and is determined prior to 
application program based on the importance of its control task as 
determined by the user. 

The scheduling data 100 may also include an execution period (EP) 
indicating. . . 

...to be necessary to execute the message for transmission on the network 
31 and a deadline period (DP) being in this case the portion of the 
completion timing constraint tl)) allocated... 
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...SPECIFICATION List contains the following columns Dob ID, Dob Title, 
Status, Dob Phase, Dob Manager and Due Date . A list of jobs is 
displayed. The list of jobs is retrieved based on options defined for 
the page. The Job List is sorted based on the Sort Options defined 
in the Options Page. The Select Check Boxes on the left side of each job 



..are the Dob ID, Dob Title, Status, Dob Phase, Dob Manager First Name, 
Dob Manager Last Name and Due Date . Each column title invokes 
functionality that sets the Order By Field. This document refers to these 
columns as Job List sort columns. 

To define the sort order by displayed columns, the user enters a list 
of Column Names, separated by commas. The available sortable columns are: 
Dob ID, Dob Title, Status, Due Date , Dob Manager Last Name, Dob 
Manager First Name and Dob Phase. To set the Dob... 
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...SPECIFICATION all tasks have been executed (i=m) in block 48. 
A pseudo-code of this procedure is given below: 
1: for each task T taken by order of increasing deadlines do 
2: for each processor P taken by order of increasing consumption for 
the execution of T do 

3: if T executed on p completes before its deadline then 

4: put T on P according to its deadline and break to the next task 

5 : end i f 



6: end for 

7: abort (No. . . 

...deal with temporal constraints, all tasks assigned to a processor are 
executed according to their deadline , from the earliest to the latest. 
Thus, before assigning a task to a processor, the scheduler verifies that 
the task will not prevent another task, with a later deadline , to 
complete before its deadline - in such a case, the procedure must 
reject this placement. 
The pseudocode of this procedure is shown below: 
1: for each task T taken by order of decreasing (delta)(T) do 
2: for each processor P taken by order of increasing... 

. . . execution of T do 

3: if the placement of T on P does not introduce deadline miss for T 
or an already placed task then 
4: put T on P according... 

...T3)) is put on processor PO)), then task T5)) (previously scheduled) 
cannot complete before its deadline , whereas when T3)) is put on 
processor Pi)), task T4 cannot complete before its schedule... 

...as shown in Figure 5b. As can be seen, in some instances, the 
power-aware procedure places too much importance on power consumption, 
and the ordering of tasks lists by increasing deadlines is not 
sufficient to provide a good temporal behavior of the... 
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...SPECIFICATION production planning regardless of whether an order 
acceptance is present or not. Due to such procedure , non-ordered 
post-supplementary production and the planned production both occupying 
the manufacturing resources have often prevailed over a job order 
production and delayed the due date thereof, leading to decrease the 
opportunities of order acceptance. 



in view of the problems as. 
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...SPECIFICATION creates determined-order data 201 including the type, the 
number/quantity, the unit price, the deadline , or the like of 
commodities of which the buyer will place an order, then transmitting the 
determined-order data to the center site 101. The center site 101 
registers the determined - order data 201 into the transaction 
-related data DB 104 and, although not illustrated, notifies the seller 
130 that the order. . . 
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...specification job is defined by defining "Job info" (fig. 11), "Client 
info" (fig. 12) and "Service/ Deadline " (fig. 13). 

"job info" is the definition of the job itself, in this case, "Client 
No.", " Job Name", " Deadline Date & Time" and " Priority " are 
defined as " Job info" and, if necessary, comments and memorandum on 
the job are described in "Description" box... 
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..SPECIFICATION underscore)GET(underscore)STATS (memory utilized, cycles 
utilized, quality level, rate, percent of buffers meeting deadline , 
quality level needed for meeting deadline ). 

- The iDSPScheduler provides QoS scheduling and event notification: 

- iDSPQoS(underscore) priority () is computed based on the 
time-criticality to meet presentation deadline . if the highest priority 
component cannot be rum, the iDSPSchedul er analyzes the environment and 
sends. . . 
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...SPECIFICATION run as soon as possible. Several basic mechanisms exist to 
support this need. 

in a deadline -based soft real-time priority scheme, each job has 
associated with it a time. It... 

...by this time, unfortunately, this interferes with OlD-sorting. To 
resolve this conflict, the following algorithm is used. At any point in 
time a JEP has a heap of jobs , sorted by expiration time. The job 
execution process looks at the top element of the heap. This is the job 
with the earliest deadline , possibly in the past if we're temporarily 
overloaded. Jobs are popped from the heap... 
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...SPECIFICATION of data. 

Furthermore, in cases where combinations have not been determined even 
after the desired deadline for the determination of matching has 
passed, it is extremely convenient for the re-inputting... 

...or shippers Y can ascertain how far they must negotiate in terms of 
conditions in order to find a transaction partner. Accordingly, in 
the present embodiment, a fuzzy searching means 81 is provided which is 
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...SPECIFICATION SB tasks are assigned to the Pone) band, and will have 
priorities according to a deadline monotonic algorithm . That is, 
within the Pone) band, SB tasks have unique priorities determined 
by the deadlines of the SB tasks, in many tasks, e.g., plant monitoring, 
there. . . 

...AN data with timing constraints are initially assigned to priority 
pfour) band according to the deadline monotonic algorithm , and 
promoted to Ptwo) when a deadline is imminent. All the non real-time 
tasks are assigned a priority in the Pthree) band. These priorities 
can either be assigned according to their requested execution... 
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...SPECIFICATION a value once read. 

2. Each task has attributes associated with it, including: 

a) its deadline , which is the time within which the task must be 
completed ; 

b) its priority , which defines when the task must be executed in 
relation to other tasks; 

c) its period, which is used in... 
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...SPECIFICATION window then provides information about the order including 
the order ID, the version number, the due date and so forth, 
information can be edited in these windows in a manner similar to that 
which we have described before. 

The first phase of the new connect procedures is finished when the 
order entry activities are completed, i.e, when all of the activities 

defined for the order up to but not including the design link 
activity are completed, when all order entry... 
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...SPECIFICATION by ordering the currently active tasks by the relative 
completion deadlines with the earliest completion deadline having 
highest priority. Although the above references disclose methods tor 
determining the priority of tasks based on their respective 
"urgency," the complication of having tasks interrupted and the overhead 
involved. . . 

17/3, K/18 (Item 18 from file: 348) 

DIALOG (R) File 348: EUROPEAN PATENTS 

(c) 2007 European Patent Office. All rts. reserv. 
00551421 

Multi -media computer operating system and method 

Multimediarechnerbetriebssystem und -verfahren 

Systeme et methode d' exploitation d'un ordinateur multi-media 

PATENT ASSIGNEE: 

International Business Machines Corporation, (200120), Old Orchard Road, 
Armonk, N.Y. 10504, (US), (Proprietor designated states: all) 
INVENTOR: 

Carmon, Donald Edward, 6 Eastwind Place, Chapel Hill, NC 27514, (US) 
LEGAL REPRESENTATIVE: 

de Pena, Alain (15151), Compagnie IBM France Departement de Propriete 
intellectuelle, 06610 La Gaude, (FR) 
PATENT (CC, No, Kind, Date): EP 553588 A2 930804 (Basic) 
EP 553588 A3 940126 
EP 553588 Bl 990901 
APPLICATION (CC, No, Date): EP 92480201 921222; 
PRIORITY (CC, No, Date): US 829201 920131 

DESIGNATED STATES: AT; BE; CH ; DE ; DK; ES ; FR; GB ; GR ; IT; Li; NL; pt; SE 
INTERNATIONAL PATENT CLASS (V7) : G06F-009/46 
ABSTRACT WORD COUNT: 148 

note: 

Figure number on first page: 1 



Available Text Language update word Count 

CLAIMS A (English) EPABFl 845 

SPEC A (English) EPABFl 13943 
Total word count - document A 14788 
Total word count - document B 0 
Total word count - documents A + B 14788 

...CLAIMS highest priority said entry in said queue corresponding to the 
earliest said task execution completion deadline ; 

means for searching said queue to find the highest priority 



said entry having a task which is found ready to begin execution; 
and 

means for causing the commencement of execution... 
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purchase order, etc.), and context of the belonging workflow instance 
(preceding step in the process, due date of the process, etc.). 

Handling of obsolete activities/work items 
For simplicity, the user interaction... 

. . .al ready 
1 1 

entered phases can be deleted. Tasks get assigned to phases. By assigning 
tasks to- phases, the order in which the tasks will be executed is 
defined . if there is more than one task assigned to a phase, all tasks 
in this. . . 
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also may be a dynamic priority that is determined by the system based 
on the due date of the task or the service order. The priority of a 
task may be changed by the scheduling system automatically without human 
I 0 intervention as time passes and the due date approaches. In some 
implementations, a combination of static priority and dynamic priority 
may be used. For example, a priority for a particular task may be 
derived based on an importance factor associated with the customer for 
whom the service is being performed and based on the due date of the 
task or service order. 

1 5 For each task in the hot list... 
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may be a dynamic priority 

24 

that is determined by the system based on the due date of the task or 
the service order. The priority of a task may be changed by the 
scheduling system automatically without human intervention as time passes 
and the due date approaches, in some implementations, a combination 
of static priority and dynamic priority may be used. For example, a 
priority for a particular task may be derived based on an importance 
factor associated with the customer for whom the service is being 
performed and based on the due date of the task or service order. 

For each task in the hot list, the following... 
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also may be a dynamic priority that is determined by the system based 
on the due date of the task or the service order. The priority of a 
task may be changed by the scheduling system automatically without human 
intervention as time passes and the due date approaches, in some 
implementations, a combination of static priority and dynamic priority 
may be used. 

For example, a priority for a particular task may be derived based 

on an importance factor 

24 

associated with the customer for whom the service is being performed and 
based on the due date of the task or service order. 

For each task in the hot list, the following... 
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phase 710, which does a top-down pass, in descending priority of 
independent demand (earliest due date first +/- priority shift), 
allocating on-hand supplies and known arrivals of critical materials. The 



output . 



...to be scheduled with the correct net quantities. 

At the next step 720, the system calculates the relative priorities 
of all activities to be scheduled. The priorities are also the 
earliest permission to start date of each activity. The priorities are 
based. . . 
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Destination Nx-Port: The Nx-Port to which a frame is targeted. 

Earliest Deadline First: An algorithm that schedules events to 
occur in order of their proximity to a deadline . The most critical 
event is the one whose time is closest to expiring. 

Exchange: The. . . 
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the higher is the priority. A batch manager module 660 takes segments 
from long batch transactions at a rate , which is determined by the 
PCF value and the presence of previous segments in the priority queue. 
The. . . 

...keep-alive" rate. The priority management according to the TET value is 
actually an Earliest Deadline First (EDF) management policy that 
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algorithms amounts to the specification of the method of assigning 
priorities to tasks. A scheduling algorithm is said to be static if 
priorities are assigned to tasks once and for all . A static scheduling 
algorithm is also called a fixed priority scheduling algorithm . with 
respect to achievable processor utilization, it can be shown that the 
rate-monotonic priority assignment is optimal for a fixed priority 
assignment rule. A scheduling algorithm is said to be dynamic if 
priorities of tasks might change from request to request. A well-known 
dynamic scheduling algorithm is the deadline driven scheduling 
algorithm . with this algorithm , priorities are assigned to tasks 
according to the deadlines of their current requests. A scheduling 
algorithm is said to be a mixed scheduling algorithm if the 
priorities of some of the tasks are fixed and the priorities of 0 
the remaining tasks vary from request to request, unused processor 
capacity is often called slack time. It results... 

Cl ai m 

. . . first task. 

2 A method according to claim 1, wherein a fixed priority based 
scheduling algorithm is applied and said scheduling characteristics 
correspond to a period and a priority 1 5 of the first task . 

3 A method according to claim 1, wherein a deadline driven based 
scheduling algorithm is applied and said scheduling characteristics 
correspond to a period and a deadline of the first task. 

4 A system (400) for scheduling a first task and a... 
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of periodic and aperiodic tasks. For periodic tasks, priorities are 
assigned inversely with period or deadline , so that tasks with shorter 
periods or deadlines have higher scheduling priorities . Aperiodic 
tasks axe also assigned a rate or period that determines the slack 
request level, but the priorities of aperiodic tasl@,s are dynamic when 
they. . . 



priority level, taking into 
account tasks that are activating and inactivating; and 
allocating slack to tasks in order of priority . 

2 The method of claim 1, wherein tasks are scheduled according to a 
rate 

monotonic algorithm . 

3 The method of claim 1, wherein an aperiodic high priority task can 
steal slack from a periodic low priority task without impacting the 
latter" s execution deadline . 

4 The method of claim 1, wherein determining available slack comprises: 
determining slack consumed; 

determining. . . 

. . . i nacti vati ng ; and 
allocating slack to requesting tasks. 

12 The method of claim I 1, wherein tasks are scheduled according to a 
rate monotonic algorithm . 

13 The method of claim 1 1, wherein each task has an assigned priority 
, and wherein an aperiodic high priority task can steal slack from a 
periodic low priority task without impacting the latter' s execution 
deadline . 

86 

. The method of claim I 1, wherein determining available slack comprises: 
determining slack consumed... 
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of periodic and aperiodic tasks. For periodic tasks, priorities are 
assigned inversely with period or deadline , so that tasks with shorter 
periods or deadlines have higher scheduling priorities . Aperiodic 
tasks are also assigned a rate or period that determines the slack 
request level, but the priorities of aperiodic tasks are dynamic when 
they are . . . 
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that they are available for a sufficient 
period of time between now and the completion deadline 
for the job. 

- 24 

The resource engine requires jobs to be analysed and 
prioritised as. . . 

. . .the 

information specified in the job, the size of the job, 
the stage of the job , the job deadline etc. 

The priority of a job is calculated by taking the 
number of words left to translate and dividing this 
figure by the number of days left until the job 
completion deadline . 

The translator is responsible for updating the system 
as they make progress on a job. . . 
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send to customers that contain information specified by the user 237, 
such as bill amount, due date and overdue interest rate, in My 
Billing Schedule 239, a user defines a fee schedule, overdue interest 
rate and the types of transactions that require the user's payment. A 
user may modify or set such Billing Schedule... 
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the progress of the sequence of events for the particular patient's 
test cycle in order to determine that the events of the schedule 
have taken place in a timely manner, in the Function Box 28... 

...will be monitoring the transmittal of results to the selected parties in 
accordance with the due date established in the test clock 
16 

of Function Box 14, which was initialized originally according... 
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Detailed Description 
saves time over 
software methods. 

The invention provides an additional benefit in 

that its task deadline priority counter ...like audio tasks, which can 
start off at a low priority. 

usually the CPU will find time to serve the lower 

priority tasks , as anytime before the next sample period 
is fine. Sometimes, however, the CPU has many high 
priority tasks, in such cases, this invention's task 
is deadline priority counter system gradually increases the 
priority of the lower priority tasks as their deadlines... 
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scheduler has the ability to schedule the tasks 
using a real time scheduling algorithm (e.g. 

earliest deadline first or least slack time). 

The scheduler should also understand the 
relative importance of tasks to each other (i.e. 
the ability to assign different priorities to 
the tasks) , The. . . 
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obtained by dividing a value obtained by dividing a di 
corresponding task by a maximum deadline Tmax)) by a 
q. The maximum deadline is a relative deadline of ; 
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...SPECIFICATION tasks; updating current time as the lowest priority; and 
processing the tasks in a shortest- deadline -first order from the 
updated lowest priority on a temporal axis, 
in the present invention... 

...a priority level, if the number of the tasks is less than that of the 
priority level, a priority of each task is determined as a value 

deadline di)) of a 
/ a specific time unit 
of a task having the 
longest period among the tasks, and the specific time unit is a value 
obtained by dividing the maximum deadline by the number of a priority 
level . 

The current time is indicated by a current time indicator obtained by 
dividing a value obtained by dividing current time by the maximum 
deadline by the specific time unit. 

in the EDF scheduling method according to another aspect of... 

..tasks are grouped into several sets and one current time indicator is 
set to each task set. 

A priority level (Pi))) of a task having a deadline which is in a 
range of 2m-l)Tmin)) (equivalent to) 2m)Tmin)) is obtained by a formula 
of wherein the q(m) denotes a time unit relevant to the mth) time 
indicator. . . 

..of a priority level relevant to each current time indicator, and the 
di)) denotes a deadline of a corresponding task. Herein, the number of 
the current time indicator is 
A value . . . 

..which are illustrated in the accompanying drawings. 

in the present invention, a temporal axis is divided into a quantum 
unit, then a priority and a time indicator for indicating current time... 

..a relative priority for the time indicator without a priority 
re-allocation process of the tasks . 
The quantum (q) is calculated by dividing the longest deadline among 
' ' ' ' ' ' 1 1 by '' ' 



deadlines of tasks to be scheduled by the number. 

priority level, and expressed as a following f> 
Herein, the Tmax)) denotes a maximum deadlim 
number of bits allocated for a priority level. 
A priority level of each task (Pi))) is calculated by a following 
formula 2. 

Herein, di)) denotes a deadline of a corresponding task. 
Also, the time indicator C is updated by a following formula... 

..showing a bitmap structure applied to the EDF scheduling method of the 
present invention. Once priorities of tasks to be scheduled are 
determined by using the formulas 1 and 2, a corresponding priority bit 
is set to the bitmap and the time... 

..in a second embodiment of the present invention, when it is supposed 
that the shortest deadline among deadlines of tasks to be scheduled is 
Tmin)) and the longest deadline is Tmax)), a quantum q(m) relevant to 
the mth) time indicator is obtained by... 

..of a priority level relevant to each time indicator and is obtained by a 
following formula 5. 

Herein, the k denotes the number of a priority level bit. 

priority (Pi))) of a task having a deadline which is in a range 

— iin5: - - - — — ■ ■ ■ ■ ■ ■ 



of 2m-l)Tmin)) (equivalent to) 2m)Tmin)) is obtained. 



...each case. Herein, the system using rate denotes a total sum of values 
obtained by dividing processing time of tasks or messages by their 
deadlines. 

Accordingly, in case that the number... 

. . . CLAIMS tasks; 

updating current time as the lowest priority; and 
processing the tasks in a shortest- deadline -first order from the 
updated lowest priority on a temporal axis. 
2 . The method of . . . 

...wherein if the number of tasks is less than that of the priority level, 
a priority of each task is determined as a value obtained by 
dividing a value obtained by dividing a deadline di)) of... 

...claim 4, wherein the specific time unit is a value obtained by dividing 
the maximum deadline by the number of a priority level. 
7. The method of claim 4, wherein the... 

...by dividing a value obtained by dividing current time of a system by the 
maximum deadline by the specific time unit. 

9. The method of claim 2 or 3, wherein if the number of tasks is less 

than the number of a priority level, a priority of each task 
(Pi))) is calculated by a following formula of in which the di)) 
denotes a deadline of a corresponding task, Tmax)) denotes a 
maximum deadline , and the q denotes a specific time unit. 

10. The method of claim 9, wherein the Tmax)) is a relative deadline of 
a task having the longest period among tasks. 

11. The method of claim 10... 
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.SPECIFICATION whenever possible, a task with high criticality but long 



period is transformed so that a deadline monotonic priority assignment 
can be used, in one embodiment, period transformation is a form of 
controlled time-slicing. The compute time of the transformed task is 
divided by some integer value to arrive at a time slice for that task. A 
dispatch . . . 

...task is suspended until its next resumption. The overall effect is to 
make a low rate task look like a high rate task with smaller 
compute time, and thus higher priority . 

For period transformation of periodic tasks , the dispatches and 
resumptions are simply inserted into the proper cases of the dispatcher 
case . . . 

...that do not send nor receive undelayed messages. The merged list is 
sorted with internal deadline as the primary key and internal 
criticality as the secondary key. The merged list is... 

...in action box 1170 to generate the priority sorted list. 

A task is transformed by dividing its period and compute time by some 
positive integer, thus converting it, in this example via controlled 
run-time time slicing, into a task with smaller period and deadline and 
consequently higher priority . 

The transformation algorithm operates on tasks one at a time, 
starting with the task having least deadline . The list of tasks can be 
viewed as a concatenation of sublists HELpu where p. . . 
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of periodic and aperiodic tasks. For periodic tasks, priorities are 
assigned inversely with period or deadline , so that tasks with shorter 
periods or deadlines have higher scheduling priorities . Aperiodic 
tasks axe also assigned a rate or period that determines the slack 
request level, but the priorities of aperiodic tasl@,s are dynamic when 



rney . . . 

..task set is defined as one in which the period Tj of each task evenly 
divides Ti+ 
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of periodic and aperiodic tasks. For periodic tasks, priorities are 
assigned inversely with period or deadline , so that tasks with shorter 
periods or deadlines have higher scheduling priorities . Aperiodic 
tasks are also assigned a rate or period that determines the slack 
request level, but the priorities of aperiodic tasks are dynamic when 
they are... task set is defined as one in which the period Tj of each task 

evenly divides Tj,j for i = 1 n A harmonic task set comprises a 

plurality of tasks... 
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For each of the prospective translators the system 

takes the size of the job and divides it by the word 

count that translator is able to achieve each day. This 

indicates. . . 
...that they are available for a sufficient 

period of time between now and the completion deadline 

for the job. 



The resource engine requires jobs to be analysed and 
prioritised as. . . 



. . rne 

information specified in the job, the size of the job, 
the stage of the job , the job deadline etc. 

The priority of a job is calculated by taking the 
number of words left to translate and dividing this 
figure by the number of days left until the job 
completion deadline . 

The translator is responsible for updating the system 
as they make progress on a job. . . 
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do not send nor receive unde@yed messages. 

The merged list is sorted with internal deadline as the primary key and 

internal 

21 

criticality as the secondary key. The merged list... 
...action box 1 170 to generate the priority sorted list. 

A task is transformed by dividing its period and compute time by some 
positive integer, thus converting it, in this example via controlled 
run-time time slicing, into a task with smaller period and deadline and 
consequently higher priority . 

The transformation algorithm operates on tasks one at a time, 
starting with the task having least deadline . The list of tasks can be 
viewed as a concatenation of sublists HELp U where... 
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Technical Field 

The present invention relates generally to task scheduling and message 
passing within task systems, and in particular to modeling real-time 
periodic and aperiodic task scheduling and message passing adapted to 
analyze the timing behavior within multitask systems and to define 
electronic systems and instructions for carrying out such scheduling and 
message passing. 

Background 
Computer p 

which may be executed as tasks in serial and/or parallel fashion. These 
computer processes can be used to gather and act upon information, and to 
bring about some result in response to the information. These functional 
task systems find use in a variety of important environments. Examples 
may include monitor and control of an industrial process, such as a power 
generation and distribution system, or monitor and control of complex 
equipment, such as a commercial airliner. 

Classical control functions rely on data flows between periodically 
executed tasks, with the results of a task delivered at the next dispatch 
of that task. This behavior allows cyclic data dependencies among tasks, 
i.e., feed-back loops, and is consistent with the assumptions underlying 
the mathematical analysis of discrete time dynamic systems. A message 
passing communication model is more suitable for partitioned 
multiprocessor systems than a shared memory communication model, 
especially systems that are loosely coupled to maintain a high degree of 
hardware fault isolation. 

in many mission critical systems software needs to be modularized using 
an appropriate functional breakdown, which often requires decomposing a 
traditional control task into multiple communicating subtasks. This may 
require end-to-end ordering and scheduling of certain subtasks and 
messages. For example, in an avionics system, inertial measurement 
processing and autopiloting might be implemented as separate functions 
performed by separate task sets. There would be an end-to-end deadline 
from reading sensor data to outputting actuator commands, and task and 
message order dependencies within this deadline. 

The increasing complexity of hardware makes it harder to accurately 
bound computation and communication times. Caches, for example, make it 
more difficult to accurately bound worst-case compute times, even for 
algorithms whose control flow is data-independent Actual worst-case 
compute times may be substantially less than bounds that can be easily 
established during development. Actual compute times may vary 
significantly across different dispatches of the same task. Systems will 
be designed so that only the more critical functions are guaranteed with 
highest assurance to be schedulable under worst-case compute time bounds. 
Load shredding of the less critical tasks will occur during any intervals 
of transient processor overload. 

High-assurance systems have additional requirements. The dependency 



ordering of computations and communications, and the exact times of 
interactions with the external world, must produce deterministic 
outcomes, uncertainties or variations in task compute times must not 
affect the values of designated control outputs. It is necessary to 
formally model and analyze the timing behavior of a system. 
Specifications, models, analyses and code all need to be wel 1 -structured , 
understandable, traceable and amenable to multiple independent means of 
verification. 

There is a need in the art for solutions in modeling real-time periodic 
and aperiodic task scheduling and message passing useful in integrated 
mission-critical systems, or in systems with high-rate applications and 
microcontrollers having constrained throughput and/or memory. 

"MetaH support for real-time multi -processor avionics", proceedings of 
5th) international workshop on parallel and distributed real-time systems 
and third workshop on object-oriented real-time systems, 1 to 3 April 
1997, pages 11 to 21, Geneva, Switzerland discloses a real time modeller 
generating a detailed preempted fixed priority model of an application. 

The invention addresses deterministic communication between two 
periodic processes. It includes a communication model, a deadline 
reduction technique, a period transformation technique and implementation 
efficiency buffer assignment rules. 

in one embodiment, the invention provides a method of generating an 
assigned scheduling priority of a plurality of tasks in a multitask 
system, comprising: 

defining a first list of the plurality of tasks, wherein the first 
list of the plurality of tasks is sorted with a task deadline as a 
primary key and a task criticality as a secondary key; 

transforming the task deadline of each of the plurality of tasks one 
at a time using a transformation scenario, beginning with the task having 
the least task deadline, thereby producing a transformed task deadline 
for each of the plurality of tasks; 

defining a second list of the plurality of tasks, wherein the second 
list of the plurality of tasks is sorted with the transformed task 
deadline as the primary key, further wherein each transformed task 
deadline of a task having a first task criticality is less than any 
transformed task deadline of a task having a task criticality less than 
the first task criticality; and 

assigning scheduling priority in an order of the second list of the 
plurality of tasks, thereby producing the assigned scheduling priority. 

Figure 1A is a schematic of a flight control system for use in 
accordance with arm embodiment of the invention. 

Figure IB is a schematic of a redundant flight control system for use 
in accordance with an embodiment of the invention. 

Figure lc is a block diagram of a multitask system in accordance with 
an embodiment of the invention. 

Figure 2 is an execution timeline of a task in accordance with an 
embodiment of the invention. 

Figure 3 is a schematic of connection types for message passing in 
accordance with an embodiment of the invention illustrated with task 
objects. 

Figure 4 is a schematic of a hardware object in accordance with an 
embodiment of the invention. 

Figure 5 is a schematic of end-to-end computations and communications 
in accordance with an embodiment of the invention. 

Figure 6 is a schematic of a task executive in accordance with an 
embodiment of the invention. 

Figure 7 is a schematic illustrating executive buffers in accordance 
with an embodiment of the invention. 

Figure 8 is a process flowchart of a dispatcher task in accordance 
with an embodiment of the invention. 

Figure 9 is a process flowchart of an event handler in accordance with 
an embodiment of the invention. 

Figure 10 is a process flowchart of a service component in accordance 
with an embodiment of the invention. 

Figure 11 is a process flowchart of task list generation in accordance 
with an embodiment of the invention. 

Figure 12 is an illustration of example transformation scenarios for 
use in accordance with embodiments of the invention. 

Figure 13 is a process flowchart of task transformation in accordance 
with an embodiment of the invention. 

Figure 14 is a block diagram of an electronic system in accordance 
with an embodiment of the invention. 



Description of the Embodiments 

in the following detailed description of the preferred embodiments, 
reference is made to the accompanying drawings which form a part hereof, 
and in which is shown by way of illustration specific embodiments in 
which the inventions may be practiced. These embodiments are described in 
sufficient detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments may be 
utilized and that process or mechanical changes may be made without 
departing from the scope of the present invention. The following detailed 
description is, therefore, not to be taken in a limiting sense, and the 
scope of the present invention is defined only by the appended claims. 

Figure lA is a schematic of a flight control system 100. Flight control 
task 105 is executed at some periodic rate. Flight control task 105 
receives sensor data (S) 115 from sensor 110, computes a function f with 
sensor data 115 and state data 130 computed in a previous dispatch (Xm))) 
as inputs, and writes an output (xm+1))) 120 to an actuator 125. This may 
be written as Xm+1)) = f (xm)) , S) . Sensor data 115 should be transferred 
substantially without delay to flight control task 105, and flight 
control task 105 must not start executing until it has received the 
sensor data 115. This undelayed transfer is represented with a 
double-headed arrow. 

Actuator output 120 computed from sensor data 115 read at time t should 
be written at exactly t + (DELTA) with minimal jitter, where (DELTA) and 
the task period are determined and specified by a control engineer based 
on system requirements. Often, (DELTA) is a deadline that occurs before 
the next dispatch of the flight control task. The state information 
(Xm))) 130 computed at the mth) dispatch of the task must be received at 
the (m+l)th) dispatch of the task. This delayed data flow is represented 
by the feedback connection from the flight control task to itself. The 
feedback data from the flight control task to itself can also be 
transferred with some fixed and invariable delay, e.g., the period of 
that task. These latter two transfers are termed single sample delay 
(SSD) connections. 

if data is sent from a periodic task A to a periodic task B (possibly 
having different rates), and if the ith) dispatch of B receives data from 
the jth) dispatch of A in any schedulable run, it must do so in every 
schedulable run to satisfy feedback control determinacy requirements. 
This is true for undelayed as well as SSD connections. 

Figure IB shows a variation of a flight control system 100 having 
redundancy. Flight control system 100 further includes a primary flight 
control task 105a, a secondary flight control task 105b and a comparator 
task 135 to select the output (120a or 120b) used to control the system. 
The end-to-end deadline (DELTA) between reading the sensor input 115 and 
writing the actuator output 120 applies to the execution of all three 
tasks (105a, 105b and 135) and to the intermediate data transfer between 
the two flight control tasks 105a and 105b and the comparator task 135. 
The data transfer from the flight control tasks 105a and 105b to the 
comparator task 135 must be substantially undelayed, and a scheduling 
precedence constraint exists between the two flight control tasks 105a 
and 105b and the comparator task 135. 

in one embodiment of the invention, the system provides preemptive 
fixed priority scheduling of periodic and aperiodic tasks and assignments 
between message buffer variables. Priorities are assigned inversely with 
period or deadline, so that tasks with shorter periods or deadlines have 
higher scheduling priorities, if the initial priority assignment is 
inconsistent with task criticalities then the periods and/or deadlines of 
high-criticality tasks are transformed, i.e., the tasks are decomposed 
into smaller pieces that are sequentially dispatched at higher rates. For 
aperiodic scheduling, the embodiment uses both deferrable server and 
period enforcement algorithms, in another embodiment, the system provides 
a real-time slack scheduler. 

An exact characterization algorithm extended to provide sensitivity 
analysis information is utilized for schedul ability analysis. The example 
embodiment has been implemented in a MetaH toolset that automatically 
generates and analyzes formal schedul ability, reliability, and 
partitioning models of a system; and automatically composes the system, 
building images for each system processor, using generated scheduling and 
communication code. The MetaH toolset is developed and distributed by 
Honeywell, inc., Minneapolis, Minnesota, USA. Other Computer-Aided 
Software Engineering (CASE) tools may be used with the various 
embodiments of the invention. 



with reference to Figure lc, task system 100 is a multitask system 
having at least two schedul able application tasks 110. The scheduling of 
application tasks 110 within task system 100, as well as the 
communications of application tasks 110, is controlled by an executive 
task 150. Each task 110 in the task system 100 is repeatedly dispatched, 
either at some fixed rate for periodic tasks or in response to some 
event, i.e., software-generated, interrupt or other event, for aperiodic 
tasks. A task 110 resides, or is performed by, only one processor 120. 

Figure 2 shows the task execution timeline of a task 110 following each 
dispatch and the terms defined herein for selected instants and intervals 
of time. The term "task instance" refers to a specific dispatch of a task 
110 and the associated sequence of following activities and scheduling 
points. Between each dispatch of a task 110 and the following deadline, a 
task must perform a certain amount of work, receiving a certain amount of 
compute time from the processor. However, the processor may also spend 
some time working on other tasks 110 between dispatch and completion, 
during which intervals a task 110 is said to be preempted by other tasks 
110. An important observation to make is that task dispatches, i.e., when 
a task 110 is placed in a prioritized ready queue, and deadlines, i.e., 
some system-defined deadline or other constraint for completion of the 
task, occur at deterministic times for periodic tasks. However, task 
start time, i.e., when computing of the task begins, and complete times, 
i.e., when computing of the task is complete, may vary depending on 
scheduling and compute time requirements. 

Tasks 110 are characterized using four primary parameters. The class of 
as task is either periodic, i.e., regularly scheduled for dispatch, or 
aperiodic, i.e., dispatched in response to some non-scheduled event. The 
period of a task is the interval between dispatches of a periodic task, 
or the minimum interval between event arrivals for an aperiodic task. The 
compute time of a task is the upper bound on the amount of processor time 
required for an instance of that task to complete after each dispatch, in 
practice, the degree of assurance that the actual compute time will not 
exceed this value varies depending on the task. 

The criticality of a task in one embodiment is an integer value used to 
control scheduling behavior when processors are overloaded, i.e., where 
some subset of tasks is unschedulable. while such a numerical ranking 
system is convenient for implementation, other ranking systems may be 
utilized. The schedul ability of a task is affected only by tasks on the 
same processor having a criticality equal or greater to its own 
criticality. Lower criticality tasks may exceed their stated compute 
times, or, for aperiodic tasks, may be dispatched at a higher rate than 
their stated periods, without causing a higher criticality task to miss a 
deadline. 

in one embodiment, messages are values that are transferred from output 
buffer variables in sender tasks to input buffer variables in receiver 
tasks according to a specified set of connections, in the MetaH 
specification language, each task may have one or more input or output 
ports that designate buffer variable declarations in the task source 
code, and connections can be made between compatibly typed ports as 
illustrated in Figure 3. As depicted in Figure 3, task 1101)) has a 
single sample delay output buffer 310 and an undelayed input buffer 340. 
Task 1102)) has a single sample delay input buffer 320 and an undelayed 
output buffer 330. Tasks 1101)) and 1102)) may have additional or other 
input and output buffers. 

Single sample delay output buffer 310 provides its message value to 
single sample delay input buffer 320. undelayed output buffer 330 
provides its message value to undelayed input buffer 340. 

incoming messages are placed in the input buffers of a receiver task by 
the time it starts, and outgoing messages are presumed available in the 
output buffers of a task when it completes, in the absence of any other 
constraints on task scheduling in a schedul able system, incoming messages 
should be available at task dispatch, and outgoing messages may not be 
available until the task deadline. A task is a sender when sending a 
message value from its output buffer, and a receiver when receiving a 
message value at its input buffer. 

in the example embodiment, there are two types of message connections. 
The first is a single sample delay connection. The second is an undelayed 
message connection. 

A single sample delay connection causes the value received by a task 
instance to be the one available at the most recent sender deadline that 
preceded, or occurred at the same instant as, the receiver dispatch, in 
one embodiment, an exception occurs when the sender is an aperiodic task, 



such that the message value is obtained at the complete time rather than 
the deadline of the sender. 

Hardware objects are allowed to have ports, e.g., device control 
registers mapped into memory space. As shown in Figure 4, hardware object 
400 may have one or more hardware input ports 410 and one or more 
hardware output ports 420. Transfers to or from hardware ports occur at 
the deadline of the sender task or dispatch of the receiver task 
instance, respectively. As noted above for aperiodic tasks, the transfers 
to a hardware port from an aperiodic task may occur at the task's 
complete time. Hardware objects provide message values to tasks, e.g., 
keyboard entry of data or data from a machine-readable medium, as well as 
accept message values from tasks, e.g., for display to an end-user or to 
control industrial equipment. Similar to tasks, a hardware object is a 
sender when sending a message value from its output port and a receiver 
when receiving a message value at its input port. 

Any task or device that outputs and does not input undelayed messages 
is termed a source. Any task or device that inputs and does not output 
undelayed messages is termed a sink. Any task or device that outputs 
undelayed messages is termed a producer. A source, by definition, is a 
producer. Any task or device that inputs undelayed messages is termed a 
consumer. A sink, by definition, is a consumer. 

Since deadlines and dispatches occur at deterministic times for 
periodic tasks, this results in a strictly deterministic data dependence 
among periodic tasks. That is, if the jth) instance of a task receives 
data from the ith) instance of another task in any schedulable run of the 
system, it will do so in all schedulable runs of the system. Figure 5 
shows an example of undelayed message passing betweenperiodic tasks, 
where A has undelayed connections to B and C, and B has an undelayed 
connection to C. in Figure 5, the 1st) instance of task C receives input 
from the 1st) instances of tasks A and B, while the 2nd) instance of task 
C receives input from the 3rd) instance of task A and the 1st) instance 
of task B. This dependency among periodic tasks with undelayed message 
passing will repeat in every schedulable run of the task system. The 
exception allowed in the case of an aperiodic sender is deemed an 
acceptable loss of determinism because aperiodic dispatch times are 
themselves non-deterministic in some sense, and this allows a simpler 
implementation. 

An undelayed connection establishes a precedence constraint as well as 
a data dependency between task instances. The sender is executed to 
completion, the message is transferred, and then the receiver will be 
allowed to start, in one embodiment, task system 100 has the following 
constraints on undelayed message connections in what is termed the 
pairwise synchronous dispatch model. 

1. The set of undelayed message connections and associated tasks must 
form a directed acyclic graph. 

2. Every pair of periodic tasks that communicates by an undelayed 
connection must have harmonic periods, i.e., the period of one must be an 
integer multiple of the period of the other. Note that transitivity 
causes all tasks in an undelayed chain to be harmonic, but not in 
parallel branches of a tree. Consider, for example, parallel branches of 
undelayed chains A-»B-»Cl)) and A-»B-»C2)), where the periods of A, 
B, Cl)) and C2)) are 5ms, 10ms, 20ms and 30ms, respectively. 

3. The sender of an undelayed message is allowed to have a lower 
criticality than the receiver only if the sender has enforced compute 
time and minimum event interar rival times. 

An undelayed data transfer occurs between two periodic task instances 
only when they were dispatched at the same time, i.e., pairwise 
synchronous dispatch, in the pairwise synchronous dispatch model, the 
sender executes to completion first, and the receiver start is delayed 
until after the message is transferred. An overall end-to-end chain of 
computations and undelayed message communications has the deadline of the 
final receiver task. Referring again to Figure 5, where A has undelayed 
connections to B and C, and B has an undelayed connection to C, note 
there is no requirement that senders have a higher dispatch rate than 
receivers, in the example of Figure 5, C over samples the data received 
from B. 

if either the sender or the receiver task is aperiodic, the ordering 
constraint and message transfer applies to the next instance of the 
receiver task that is dispatched at or following the dispatch of the 
sender task. This allows, for example, aperiodic tasks to pass data and 
dispatch successor aperiodic tasks to form trees of coordinating task 
instances. 



if an undelayed connection comes from a hardware output port, the 
message value is transferred at the dispatch of the receiver task, if an 
undelayed connection goes to a hardware input port, the value is 
transferred at the completion of the sender task. Note that undelayed 
connections to hardware ports are not temporally deterministic. 
Accordingly; they may exhibit jitter due to compute time and scheduling 
variability. 

in one embodiment, executive task 150 schedules tasks using a 
preemptive fixed priority discipline. Executive task 150 is responsible 
for managing task priorities, dispatching tasks (placing them on a 
prioritized ready queue), suspending tasks (removing them from the ready 
queue), and moving data between task buffer variables. Executive task 
150, with reference to Figure 6, includes three components: 

1. a periodic dispatcher task 610 that is the highest priority task in 
the task system 100 and manages periodic dispatches of tasks 110 and 
their single sample delay communications, 

2. an event handler 620 that manages aperiodic dispatches of tasks 110 
and their single sample delay communications, 

3. a service component 630 that manages task completions and all 
undelayed communications of tasks 110. These three components may be 
automatically generated from a MetaH specification of tasks and their 
message and event connections. 

Message passing is implemented by assignments between task buffer 
variables, in many cases an executive buffer variable may be allocated 
and used within the executive task 150, e.g., connections between 
non-harmonic or aperiodic tasks, in general, movement of message data is 
implemented as an assignment from a sender's buffer variable to an 
executive buffer variable followed by an assignment from the executive 
buffer variable to the receiver's buffer variable. For example, in Figure 
7, sender task 1101)) passes its message value from an output buffer 710 
to a shadow output buffer 720, an executive buffer. Shadow output buffer 
720 in turn passes the message value to shadow input buffer 730, another 
executive buffer. Shadow input buffer 730 passes the message value to an 
input buffer 740 of receiver task 1102)). The two assignments, i.e., from 
sender to executive and executive to receiver, may occur at different 
scheduling points, e.g., the first at the deadline of a sender periodic 
task 1101)) and the second at the dispatch of a receiver periodic task 
1102)). in one embodiment, the intermediate assignment of a message value 
to an executive buffer variable could be optimized away for connections 
between harmonic periodic tasks whose deadlines equal their periods, such 
that sender task 1101)) passes its message value directly to receiver 
task 1102)), as shown with dashed line 750. In this case, the executive 
buffers are eliminated, in another embodiment, the shadow output buffer 
and the shadow input buffer are the same executive buffer, for 
convenience termed a shadow input buffer. 

The dispatcher task 610 performs single sample delay message passing 
between periodic tasks and performs periodic task dispatching. The 
dispatcher task 610 is typically implemented as the handler of a periodic 
hardware clock interrupt that occurs nearly simultaneously on all 
processors. The interrupt rate should be selected so that every dispatch 
and deadline is an integer multiple of the interrupt period, e.g., the 
greatest common divisor of the periods and deadlines that appear in the 
system specification. 

At each interrupt, a cycle counter is incremented by 1 (modulo some 
large value that is a common multiple of all periods). The periodic 
actions that are to occur at each interrupt are determined by whether or 
not the cycle counter is evenly divisible by the pediodicity of an 
action . 

in one embodiment, a process flow of dispatcher task 610 can be 
described with reference to Figure 8. Figure 8 is a process flowchart 
having action boxes 810, 820, 840 and 850, as well as decision box 830. 
in action box 810, dispatcher task 610 is made ready to run at the 
periodic interrupt, such as a hardware clock interrupt, upon receiving 
the periodic interrupt, the cycle counter is incremented in action box 
820. Decision box 830 determines if any tasks scheduled are to be 
dispatched this cycle, i.e., where the cycle evenly divides the quantity 
of the task period divided by the periodic interrupt, if tasks are to be 
dispatched in decision box 830, action box 840 determines the set (S) of 
all tasks to be dispatched. Buffer-to-buffer message assignments are 
made in action box 850 for those periodic tasks meeting the criteria of 
decision box 830, and those tasks are dispatched. Control is then 
returned to the tasks interrupted by the periodic interrupt. Dispatch of 



the periodic tasks can be visualized as adding the task to a ready queue 
890. with reference to Figure 8, the following example is provided: 

The event handler 620 is executed whenever external interrupts or 
internal software-generated events occur. Message values to be received 
at the dispatch of aperiodic tasks are assigned to their input buffer 
variables and the tasks are dispatched. 

Figure 9 is a process flowchart of one embodiment of event handler 620. 
Figure 9 includes actions boxes 910, 920 and 930. in action box 910, 
event handler 620 is executed in response to a software-generated event 
or external interrupt, upon receiving the interrupt in action box 910, 
event handler 620 assigns message values to their task input buffers in 
action box 920. The aperiodic task or tasks associated with the interrupt 
in 910 are dispatched in action box 930. Control is then returned to the 
highest priority ready task. As with dispatch task 610, dispatching an 
aperiodic task includes adding the aperiodic task to the ready queue 890. 

The service component 630 is executed when a task instance completes. 
The completing task is removed from the ready queue 890. Output values 
produced by the completing task are assigned to corresponding executive 
or receiver task buffer variables according to rules we present below. 
These assignments are conditional, depending on information recorded at 
the dispatch of every task that may receive undelayed messages. At each 
dispatch of a periodic task that may receive undelayed input from another 
periodic task, the cycle at which that task is dispatched is recorded. At 
the dispatch of each aperiodic task that may receive undelayed input from 
another task, the scheduling state of each sender task (awaiting 
dispatch, or dispatched but not yet completed) is recorded. 

Figure 10 is a process flowchart of one embodiment of service component 
630. Figure 10 includes actions boxes 1010, 1020 and 1030. in action box 
1010, service component 630 is executed when a task completes, upon 
completion of a task or tasks resulting in action box 1010, service 
component 630 removes the completing task or tasks from ready queue 890. 
Output from the completing task or tasks is assigned to an executive or 
receiver buffer in action box 1030. Control then goes to the highest 
priority task in the ready queue. Assignment of output in action box 1030 
can be further described with reference to Table 1. 

in one embodiment, a priority assignment algorithm assigns a higher 
priority to the sender of an undelayed message than to any of its 
downstream receivers. Downstream receivers include any task directly 
receiving the undelayed message, as well as all receiving tasks in an 
acyclic graph rooted at the sender of the undelayed message. This 
guarantees that any task whose buffers are written at the completion of 
another task, i.e., any task receiving undelayed values from another 
task, has remained preempted from the time of its dispatch to the time of 
the assignment and thus does not start until after the assignment. 

whenever possible, a task with high criticality but long period is 
transformed so that a deadline monotonic priority assignment can be 
used, in one embodiment, period transformation is a form of controlled 
time-slicing. The compute time of the transformed task is divided by 
some integer value to arrive at a time slice for that task. A dispatch of 
the transformed task is converted into a dispatch followed by a series of 
periodic resumptions. Each dispatch and resumption grants a time slice 
and after exhausting each time slice a transformed task is suspended 
until its next resumption. The overall effect is to make a low rate 
task look like a high rate task with smaller compute time, and 
thus higher priority . 

For period transformation of periodic tasks , the dispatches and 
resumptions are simply inserted into the proper cases of the dispatcher 
case statement (Ql)) is then constrained to be a multiple of all 
transformed periods). Period transformation of aperiodic tasks depends on 
the scheduling protocol used. Period transformation can be easily applied 
using the deferrable server protocol, since this protocol is essentially 
controlled time-slicing slaved to the dispatcher frequency, in one 
embodiment, period enforcement is approximated by defining the reenabling 
of a task as the next dispatcher task dispatch, and an analogous 
approximate period transformation might also be performed. Task 
scheduling can also be adapted to take criticality into account. 

The MetaH toolset generates data tables and code for the dispatcher 
task 610, event handler 620 and service component 630. It further 
generates and analyzes a real-time schedul ability model of the task 
system 100. 

The undelayed message connections and tasks are checked to make sure 



they contain no cycles. Task deadlines are then reduced as needed so that 
the deadline of every sender of an undelayed message is strictly less 
than the deadline of all its receivers. A subsequent deadline-tnonotonic 
priority assignment phase, which assigns higher priorities to shorter 
deadlines, assigns a higher priority to the sender of an undelayed 
message than to the receiver. This insures that the receiver remains 
preempted and does not start until after the sender completes whenever 
the conditions for undelayed transfer are satisfied. 

in greater detail, the set of undelayed message connections is first 
checked for cycles. Task deadlines are then reduced as needed so that the 
deadline of every sender of an undelayed message is strictly less than 
the deadline of all its receivers. A subsequent deadline-monotonic 
priority assignment phase, which assigns higher priorities to shorter 
deadlines, will assign a higher priority to the sender of an undelayed 
message than to its receivers. This insures that the receiver remains 
preempted and does not start until after the sender completes whenever 
the conditions for undelayed transfer are satisfied. 

More formally, the set of all undelayed messages is represented as a 
reachability matrix R with R(i,j) = 1 if (tau)i)) -» (tau)j)) and zero 
otherwise. Construct Rk)(i,j) = 1 if there is an undelayed connection 
path from (tau)i)) to (tau)j)) of length exactly k, and zero otherwise. 
Cycles, which are not permitted, exist if for any 1 < i,k < nu)) , 
Rk)(i,j) = 1, where nu)) is the number of tasks with undelayed 
connections . 

Next construct a distance matrix D from the set(Rk)) by D(i,j)-) max 
(k)Rk)(E,j) =1). in words, D(i,j) is the maximum length undelayed 
message connection path from (tau)i)) to (tau) j)) . There may be multiple 
paths, in which case set D(i,j) = 0 (rather than (infinity)). The 
deadline of each task (tau) is then adjusted to be the minimum of its 
user-specific deadline and the deadlines of all tasks that can be reached 
from (tau). To insure distinct deadlines and priority assignments, these 
deadlines are then decreased by m(epsilon) , where m is the maximum 
connection depth between an undelayed message sender and all of the leafs 
in the undelayed connection directed acyclic graph (DAG) rooted at that 
sender, and e is a time quantum preferably several orders of magnitude 
smaller than the number of tasks times the deadline quantum, i.e., the 
dispatcher task rate. For example, (epsilon) may be 1 nanosecond with the 
expectation that deadlines will be multiples of a dispatcher task period 
measured in milliseconds. The term internal deadlines is defined to refer 
to these adjusted deadlines, in mathematical notation, Let l(i) = (k : 
D(i,k) > 0). I(i) is the index set of all tasks that (tau)i)) can 
reach via an undelayed message chain. Then for each i, (tau) 'i))deadline 
= mink(set membership)l())i))))) ((tau) ' i ) )deadli ne , (tau) ' k))deadl i ne -) 
D))(i,k) * (epsilon)). 

Conflicts can arise between the user-specified criticalities for two 
tasks and the priority assignments implied by undelayed connections and 
their corresponding internal deadlines. For example, if there is an 
undelayed connection from A to B then A must have a higher priority than 
B to properly implement the precedence constraint, but B could have a 
higher user-specified criticality than A. A conflict test is given by 
(tau) "i))criticality > (tau) ' j))criticality and j (epsilon) l(i). Such 
conflicts are allowed provided that compute time limits (and, for 
aperiodic tasks, period enforcement) are specified for the sender, 
otherwise it is an error, internal deadlines (and priorities) are 
assigned in accordance with undelayed connection precedence constraints 
rather than in accordance with user-specified criticality attributes when 
there is such a conflict, user-specified criticality values are adjusted 
upward as needed to remove acceptable conflicts. The term internal 
criticalities is defined to refer to these adjusted criticality values. 

As an example, let (tau)u)) be a task that sends an undelayed message. 
Let Ru)) be the set of all tasks that eventually receive input from 
(tau)u)), directly or through intermediate tasks via a sequence of 
undelayed messages. Ru)) contains the nodes of the DAG of receiver tasks 
rooted at (tau)u)) , and is easily constructed using a transitive closure 
of all tasks and their message connections. Since (tau)u)) must complete 
before any task in Ru)) can begin, the internal criticality of (tau)u)) 
is adjusted to be the minimum of its user-specified criticality and the 
internal criticalities of tasks in Ru)) . 

The list of tasks that send or receive undelayed messages is then 
sorted by ascending internal deadlines, if multiple tasks have equal 
deadlines, then that sublist is sorted by ascending criticality. The 
result is a sorted list with internal deadline as primary key and 



internal criticality as secondary key, where internal deadlines and 
internal criticalities are both consistent with each other and ascending. 

The list of remaining tasks (those that neither send nor receive 
undelayed messages) is now merged with this list in sorted order, using 
user-specified deadline as the primary key and user-specified criticality 
as secondary key. inconsistencies among criticality rankings and deadline 
rankings is permissible in this list. These inconsistencies will be 
removed later using period transformation, internal criticalities and 
internal deadlines are set to the user-specified criticalities and 
user-specified deadlines, respectively. 

The merged list of tasks is sorted using internal deadline as the 
primary key and internal criticality as the secondary key. The next step 
is to transform the periods and deadlines of the tasks so that both 
criticalities and deadlines are in monotonic order. That is, all tasks 
having a first criticality have deadlines that are less than any task 
having a lower criticality. 

Figure 11 is a process flowchart of one embodiment of the foregoing 
task list generation, in Figure 11, the list of tasks that send or 
receive undelayed messages and the list of remaining tasks are generated 
in parallel. However, there is no requirement for such parallel 
implementation. 

Figure 11 includes action boxes 1110, 1115, 1120, 1125, 1135, 1140, 
1145, 1155, 1160, 1165 and 1170, as well as decision boxes 1130 and 1150. 
Generation of the list of tasks that send or receive undelayed messages 
for each processor begins at action box 1110. internal deadlines are set 
in action box 1115 such that the deadline of every sender task is 
strictly less than the deadline of all its receivers. The list is then 
sorted by internal deadline in action box 1115. internal criticalities 
are set in action box 1125 to remove conflicts. Decision box 1130 
determines if multiple tasks in the sorted list have equal internal 
deadlines, if yes, the portion or portions of the list having equal 
deadlines are sorted by internal criticality in action box 1135. if there 
are no portions of the list having equal internal deadlines in decision 
box 1130, or following sorting by internal criticality in action box 
1135, control is transferred to action box 1165. 

Generation of the list of tasks that do not send nor receive undelayed 
messages for each processor begins at action box 1140. The list generated 
in action box 1140 is sorted by user-specified deadline in action box 
1145. Decision box 1150 determines if multiple tasks in the sorted list 
have equal user-specified deadlines. If yes, the portion or portions of 
the list having equal user-specified deadlines are sorted by 
user-specified criticality in action box 1155. if there are no portions 
of the list having equal user-specified deadlines in decision box 1150, 
or following sorting by user-specified criticality in action box 1155, 
control is transferred to action box 1160 where internal criticalities 
and deadlines are set to the user-specified criticalities and deadlines, 
respectively. 

Action box 1165 merges the sorted list of tasks that send or receive 
undelayed messages with the sorted list of tasks that do not send nor 
receive undelayed messages. The merged list is sorted with internal 
deadline as the primary key and internal criticality as the secondary 
key. The merged list is then subjected to transformation in action box 
1170 to generate the priority sorted list. 

A task is transformed by dividing its period and compute time by some 
positive integer, thus converting it, in this example via controlled 
run-time time slicing, into a task with smaller period and deadline and 
consequently higher priority . 

The transformation algorithm operates on tasks one at a time, 
starting with the task having least deadline . The list of tasks can be 
viewed as a concatenation of sublists HELpu where p is the task currently 
being transformed, H is the sublist of tasks having criticality higher 
than that of p, E is the sublist of tasks having criticality equal to 
that of p, L is the sublist of tasks having criticality less than that of 
p, and u is the untransformed portion of the list. The goal is to find an 
integer divisor of the period (and compute time) of p, i.e., a transform 
factor, that allows the list to be rewritten as HEl))pE2))LU where the 
tasks in El)) and E2)) have criticalities equal to that of p, the tasks 
in El)) have no deadlines greater than that of p, and the tasks in E2)) 
have no deadlines less than that of p. 

Several factors complicate the solution to this problem. It is possible 
to construct examples having no feasible integer solution, where trans 



forming p by transform factor i yields a transformed period too large, 
but transforming p by transform factor i + 1 yields a transformed period 
too small. For example, consider the criticality ordering A > B > C 
with the period of A and C equal to 2 but the period of B equal to 3. 
Using the transform factor of 1 yields a transformed period too large, 
while using the transform factor of 2 yields a transformed period too 
small . 

A transformed task may need to complete by a preperiod deadline. Thus, 
transformation of the deadline analogous to the transformation of period 
may be appropriate. 

Transformation introduces context swap overheads, in one embodiment, 
these context swap overheads are minimized. Furthermore, transformed 
periods and deadlines are preferably multiples of the clock interrupt 
period. Finally, the sender of an undelayed message cannot be 
transformed, as this might create intervals in which the receiver could 
start before the sender had completed. Accordingly, undelayed message 
senders have their deadlines calculated prior to any period 
transformations. 

Figure 12 shows three scenarios for transforming a task so that it will 
receive its stated amount of compute time by its stated deadline. The 
first portion of Figure 12 shows the original task period and deadline. 
Scenario 1 of Figure 12 is to transform both the period and the deadline, 
where the transformed deadline is a preperiod deadline with respect to 
the transformed period and is selected so that the transformed deadline 
of the final resume occurs at the original deadline. This scenario is 
preferred when the transformed deadline is a substantial fraction of the 
transformed period. Scenario 2 transforms the task so its original 
deadline is a multiple of the transformed period. The transformed 
deadline equals the transformed period, and the transformed compute time 
is such that the task will complete after some number of transformed 
periods that is no greater than the original deadline. Scenario 2 is 
preferred over Scenario 1 when Scenario 1 would produce a transformed 
deadline that is a small fraction of the transformed period. Both 
scenarios are the same when the original deadline and original period are 
equal. Scenario 3 is to simply reduce the deadline as needed, i.e., just 
increase the priority as needed to satisfy the criticality requirement 
without transforming the scheduling of the task. Scenario 3 is utilized 
when transforming senders of undelayed messages and in cases where no 
integer transform factor is feasible. 

in one embodiment, a search is performed over the range of feasible 
integer transform factors, i.e., those that would move task p into the 
sublist E. For each feasible transform factor, both Scenario 1 and 
Scenario 2 are evaluated. Scenario 3 may also be evaluated for all 
integer transform factors from 1 through the largest transform factor 
that does not put p ahead of E, which has the effect of evaluating 
combinations of Scenario 3 with Scenarios 1 and 2. 

in one embodiment, a cost function is used to select one scenario over 
another, such that cost is minimized, in another embodiment, the cost 
function is the utilization required for context swaps, i.e., removal and 
replacement of the stack and registers, plus a factor that empirically 
accounts for the decrease in scnedul ability due to preperiod deadlines, 
in a further embodiment, the cost function is the transform factor (which 
may be 1) times: where S is the context swap time, Tt)) is the 
transformed period, and Dt)) is the transformed deadline, in one 
embodiment, selection of a scenario is made to minimize the cost 
function . 

Figure 13 is a process flowchart of one embodiment of task 
transformation, performed for each task in the merged list of tasks, in 
action box 1310, feasible integer transform factors are determined. 
Feasible transform factors include the lowest integer divisor of the 
period of p that allows the sublist HELpu to be rewritten as HEl))pE2))LU 
where the tasks in El)) and E2)) have criticalities equal to that of p, 
the tasks in El)) have no deadlines greater than that of p, and the tasks 
in E2)) have no deadlines less than that of p, i.e., minimum feasible 
transform factor or TFmin)), the largest integer divisor of the period of 
p that allows the sublist HELpu to be rewritten as HEl))pE2))LU where the 
tasks in El)) and E2)) have criticalities equal to that of p, the tasks 
in El)) have no deadlines greater than that of p, and the tasks in E2)) 
have no deadlines less than that of p, i.e., maximum feasible transform 
factor or TFmax)). in action box 1320, the task has its period and 
deadline transformed in a first scenario for each transform factor from 



TFmin)) to TFtnax)), where the transformed deadline is a preperiod 
deadline with respect to the transformed period and is selected so that 
the transformed deadline of the final resume occurs at the original 
deadline, in action box 1330, the task is transformed in a second 
scenario for each transform factor from TFmin)) to TFmax)) such that its 
original deadline is a multiple of the transformed period. The 
transformed deadline equals the transformed period, and the transformed 
compute time is such that the task will complete after some number of 
transformed periods that is no greater than the original deadline, in 
action box 1340, the deadline of the task is transformed in a third 
scenario, reducing the deadline to increase the priority as needed to 
satisfy the criticality requirement without transforming the scheduling 
of the task. After all scenarios are evaluated over their respective 
range of transform factors, cost is evaluated in action box 1350 for each 
transform factor of each scenario, in action box 1360, the scenario and 
transform factor having the lowest cost value is selected to transform 
the task. The task is transformed in action box 1370. 

After all tasks have been transformed, priorities are assigned in the 
order in which tasks appear in the final list. The ordered priorities of 
the transformed tasks represents an assigned scheduling priority. The 
assigned scheduling priority is utilized by the executive for ordered 
execution of the tasks on a processor within the multitask system. 

As one example, in an implementation of the invention using the MetaH 
toolset, the MetaH toolset generates a linear schedulability model, one 
in which each task may be described as a sequence of task components. 
Each task component may be shared by other tasks and may block other 
tasks, in general, actions that are performed by the executive task 150 
on behalf of a particular task 110, such as message passing, are modeled 
as components of that task and blocking times for other tasks of higher 
priority. Compute times for generated executive components are produced 
by the MetaH tool using attributes of the target hardware, e.g., buffer 
assignment times are estimated by the linear function Al)) + A2)) * b, 
where b is the number of bytes being assigned and Al)), A2)) are 
intercept and slope attributes defined in the MetaH processor or bus 
specification. The mapping between specification, implementation, and 
model is thus more detailed than a simple list of tasks and their 
parameters. Analysis is performed using an extension of an exact 
characterization algorithm that allows tasks to be decomposed into 
components and provides compute-time sensitivity analysis information. 

The various embodiments of the invention will not always produce a 
user-specified deadline monotonic priority assignment. Many 
schedulability analysis methods well known to those skilled in the art 
work with any priority assignment without assumptions or special 
constraints on the relationship between priorities and deadlines, 
periods, or minimum interar rival rates and can be used with the approach 
of the embodiments. 

The solution of the various embodiments remains valid for tasks that 
use real-time semaphores, providing the semaphore protocol does not allow 
the processor to execute at a priority lower than any task that is 
awaiting a semaphore. This condition is necessary to insure that 
preempted receivers of undelayed messages cannot start when a sender 
blocks on a semaphore. This is true of the ceiling priority and all the 
priority inheritance semaphore protocols. 

The various embodiments of the invention further support dynamic 
reconfiguration, or mode changes, in one embodiment, mode changes are 
restricted to hyperperiod boundaries. Transition modes are introduced for 
each user-specified mode change, and the dispatcher may perform process 
starts and stops and slightly different patterns of message passing in a 
transition mode. MetaH hierarchical mode specifications makes it possible 
for modes to share subsets of tasks and connections in complex ways. The 
algorithms thus presented are performed for the union of all modes in a 
system, followed by a post-processing phase to reduce the number of 
priority level Is required. 

Selecting clock interrupt rates may be an issue in distributed 
real-time systems. Temporally deterministic message release times may be 
needed to assure hard end-to-end deadlines. Clock interrupt periods may 
be desired that not only divide the user-specified periods and deadlines, 
but also provide convenient transformed periods and convenient network 
message release times. 

The various methods of the invention provide a model adapted to analyze 
the timing behavior of a task system, and in particular, modular 
mission-critical software systems, high-rate applications and 



mi crocont rollers . use of such models permits offline analysis and 
configuration to tailor an executive for each system, rather than relying 
on a generic executive, which allows a simpler, smaller and faster 
executive. Such models further assist the formulation of well -structured 
specifications for task systems, which may permit the creation of more 
structured and traceable code underlying the task system. 

while the example embodiments describe multiprocessor task systems 
communicating on a single bus, the invention is not limited to single-bus 
systems, while it is preferred that multiple processors be connected by 
relatively high-speed, low-latency busses for efficient transfer of 
single sample delay messages, distributed systems may be utilized where 
scheduling approaches allow for a single sample delay message to be 
released with a specified deadline on the network, and where 
communication take place concurrently with processor execution. 

Models produced using various embodiments of the invention can be used 
to define electronic systems to carry out the scheduling and message 
passing activities of the multitask systems. The electronic systems 
described make use of a variety of electronic equipment having processors 
utilizing instructions in machine-readable form to carry out the methods 
described herein. Figure 14 depicts a block diagram of a processor 1410 
coupled to a machine-readable medium 1420. Processor 1410 may be further 
coupled to bus 1430 for communication to other processors. 
Machine- readable medium 1420 may include fixed devices coupled to 
processor 1410, such as internal magnetic medium or programmable memory 
device. Machine-readable medium 1420 may further include removable 
devices coupled to processor 1410, such as removable magnetic medium or 
programming cartridge. Machine-readable medium 1420 contains instructions 
stored thereon, in machi ne-readabl e format, capable of causing processor 
1410 to carry out the methods described herein. 

Conclusion 

Methods are disclosed useful in modeling real-time periodic and 
aperiodic task scheduling and message passing within multitask systems. 
Models produced using methods of the invention are adapted to analyze the 
timing behavior within such multitask systems. The methods utilize 
undelayed and single sample delayed message connections among software 
task objects and hardware objects. Task priorities are assigned inversely 
with period or deadline, so that tasks with shorter periods or deadlines 
have higher scheduling priorities. Periods of high-criticality tasks are 
decomposed into smaller pieces that are sequentially dispatched at higher 
rates where the initial assignment of priority is inconsistent with task 
criticality. System models define electronic systems and instructions for 
carrying out the scheduling and message passing of the multitask system. 

Although specific embodiments have Been illustrated and described 
herein, it will be appreciated by those of ordinary skill in the art that 
any arrangement which is calculated to achieve the same purpose may be 
substituted for the specific embodiments shown. Many adaptations of the 
invention will be apparent to those of ordinary skill in the art 
Accordingly, this application is intended to cover any adaptations or 
variations of the invention. It is manifestly intended that this 
invention be limited only by the following claims and equivalents 
thereof. 

CLAIMS EP 1244963 Bl 

1. A method of generating an assigned scheduling priority of a plurality 

of tasks (110) in a multitask system (100), comprising: 
defining a first list of the plurality of tasks, wherein the first list 

of the plurality of tasks is sorted with a task deadline as a primary 

key and a task criticality as a secondary key; 
transforming the task deadline of each of the plurality of tasks one at 

a time using a transformation scenario, beginning with the task 

having the least task deadline, thereby producing a transformed task 

deadline for each of the plurality of tasks; 
defining a second list of the plurality of tasks, wherein the second 

list of the plurality of tasks is sorted with the transformed task 

deadline as the primary key, further wherein each transformed task 

deadline of a task having a first task criticality is less than any 

transformed task deadline of a task having a task criticality less 

than the first task criticality; and 
assigning scheduling priority in an order of the second list of the 

plurality of tasks, thereby producing the assigned scheduling 

priority. 



2. The method of claim 1, wherein the transformed task deadline of at 

least one of the plurality of tasks (110) equals the task deadline of 
that at least one of the plurality of tasks. 

3. The method of claim 1, wherein the transformation scenario is selected 

from the group consisting of: 

transforming both a task period and the task deadline of a task (110) 
dividing the task period by a transformation factor, thereby 
producing the transformed task deadline and a transformed task 
period, wherein the transformed task deadline is a preperiod deadline 
with respect to the transformed task period, and wherein the 
transformed task deadline of a final resume of the task occurs at the 
original task deadline; 

transforming both the task period and the task deadline of the task by 
dividing the task period by a transformation factor, thereby 
producing the transformed task deadline and the transformed task 
period, wherein the original task deadline of the task is a multiple 
of the transformed period of the task and wherein the transformed 
task deadline equals the transformed task period; and 

transforming the task deadline of the task by dividing the task deadline 
by a transformation factor, thereby producing the transformed task 
deadline, wherein the transformed task deadline of the task is less 
than any transformed task deadline of other previously-transformed 
tasks having lower task criticality. 

4. The method of claim 3, wherein the transformation scenario is 

evaluated at a plurality of transformation factors. 

5. The method of claim 3, wherein transforming the task deadline further 

comprises evaluating a cost function to select the transformation 
scenario. 

6. The method of claim 5, wherein the cost function is the transformation 

factor times the quantity: where: 
S is a context swap time 
Tt)) is the transformed task period 
Dt)) is the transformed task deadline. 

7. The method of claim 1, wherein transforming the task deadline further 

comprises evaluating a cost function to select the transformation 
scenario from a plurality of possible transformation scenarios. 

8. The method of claim 1, wherein transforming the task deadline further 

comprises evaluating the transformation scenario using at least two 
transformation factors and evaluating a cost function to select one 
of the at least two transformation factors for the transformation 
scenario. 

9. The method of claim 1, wherein defining a first list of the plurality 

of tasks further comprises: 

defining a first sublist of at least one task (112) of the plurality of 
tasks (110) involved in sending or relying on undelayed messages, 
wherein the first sublist is sorted with an internal task deadline as 
a primary key and an internal task criticality as a secondary key; 

defining a second sublist of remaining tasks of the plurality of tasks, 
wherein the second sublist is sorted with a user-specified task 
deadline as a primary key and a user-specified task criticality as a 
secondary key, and 

merging the first sublist and the second sublist, thereby producing the 
first list of the plurality of tasks. 

10. The method of claim 1, wherein the multitask system is a flight 
control system. 

11. A machine-readable medium (1420) having instruction stored thereon 
capable of causing a processor (1410) to carry out a method, the 
method comprising defining a first list of a plurality of tasks, 
wherein the first list of the plurality of tasks is sorted with a 
task deadline as a primary key and a task criticality as a secondary 
key; 

transforming the task deadline of each of the plurality of tasks 
one at a time using a transformation scenario, beginning with the 
task having the least task deadline, thereby producing a transformed 
task deadline for each of the plurality of tasks; 

defining a second list of the plurality of tasks, wherein the 
second list of the plurality of tasks is sorted with the transformed 
task deadline as the primary key, further wherein each transformed 
task deadline of a task having a first task criticality is less than 
any transformed task deadline of a task having a task criticality 



less than the first task criticality; and 



assigning scheduling priority in an order of the second list of the 
plurality of tasks, thereby producing an assigned scheduling 
priority. 

12. A machine- readable medium (1420) according to claim 11, wherein the 
transformation scenario is selected from the group consisting of: 

transforming both a task period and the task deadline of a task by 
dividing the task period by a transformation factor, thereby 
producing the transformed task deadline and a transformed task 
period, wherein the transformed task deadline is a preperiod deadline 
with respect to the transformed task period, and wherein the 
transformed task deadline of a final resume of the task occurs at the 
original task deadline; 

transforming both the task period and the task deadline of the task by 
dividing the task period by a transformation factor, thereby 
producing the transformed task deadline and the transformed task 
period, wherein the original task deadline of the task is a multiple 
of the transformed period of the task and wherein the transformed 
task deadline equals the transformed task period; and 

transforming the task deadline of the task by dividing the task deadline 
by a transformation factor, thereby producing the transformed task 
deadline, wherein the transformed task deadline of the task is less 
than any transformed task deadline of other previously-transformed 
tasks having lower task criticality. 
CLAIMS EP 1244963 Bl 

1. verfahren zum Erzeugen einer zugewiesenen Einteilungsprioritat 

mehrerer Tasks (110) in einem Multitask-System (100), mit den 
folgenden Schritten: 

Definieren einer ersten Liste der mehreren Tasks, wobei die erste Liste 
der mehreren Tasks mit einer Task-Frist als ein Primarschlussel und 
einer Task-Kritizitat als ein Sekundarschlussel sortiert wird; 

Transformieren der Task-Frist jeder der mehreren Tasks einzeln unter 
Verwendung eines Transformationsszenarios , beginnend mit der Task mit 
der kleinsten Task-Frist, wodurch eine transformierte Task-Frist fur 
jede der mehreren Tasks erzeugt wird; 

Definieren einer zweiten Liste der mehreren Tasks, wobei die zweite 
Liste der mehreren Tasks mit der transformierten Task-Frist als 
Primarschlussel sortiert wird und wobei weiterhin jede transformierte 
Task-Frist einer Task mit einer ersten Task-Kritizitat kl einer als 
jede transformierte Task-Frist einer Task mit einer kleineren 
Task-Kritizitat als die erste Task-Kritizitat ist; und 

zuweisen von Einteilungsprioritat in einer Reihenfolge der zweiten Liste 
der mehreren Tasks, wodurch die zugewiesene Einteilungsprioritat 
erzeugt wird. 

2. verfahren nach Anspruch 1, wobei die transformierte Task-Frist 

mindestens einer der mehreren Tasks (110) gleich der Task-Frist 
dieser mindestens einen der mehreren Tasks ist. 

3. verfahren nach Anspruch 1, wobei das Transformationsszenario aus der 

folgenden Gruppe ausgewahlt wird: 

Transformieren sowohl eines Task-zeitraums als auch der Task-Frist einer 
Task (110), wobei der Task-zeitraum durch einen Transformationsfaktor 
dividiert wird, wodurch die transformierte Task-Frist und ein 
transformi erter Task-zeitraum erzeugt werden, wobei die 
transformierte Task-Frist in bezug auf den transformierten 
Task-zeitraum eine vorzeitraumf ri st ist und wobei die transformierte 
Task-Frist einer letzten wi ederaufnahme der Task an der 
ursprunglichen Task-Frist auftritt; 

Transformieren sowohl des Task-zeitraums als auch der Task-Frist der 
Task durch Dividieren des Task-zeitraums durch einen 
Transformationsfaktor, wodurch die transformierte Task-Frist und der 
transformierte Task-zeitraum erzeugt werden, wobei die ursprungliche 
Task-Frist der Task ein vi elf aches des transformierten zeitraums der 
Task ist und wobei die transformierte Task-Frist gleich dem 
transformierten Task-zeitraum ist; und 

Transformieren der Task-Frist der Task durch Dividieren der Task-Frist 
durch einen Transformationsfaktor, wodurch die transformierte 
Task-Frist erzeugt wird, wobei die transformierte Task-Frist der Task 
kl einer als jede transformierte Task-Frist anderer, zuvor 
transformi erter Tasks mit niedrigerer Task-Kritizitat ist. 

4. verfahren nach Anspruch 3, wobei das Transformationsszenario bei 

mehreren Transformationsfaktoren ausgewertet wird. 



5. verfahren nach Anspruch 3, wobei das Transfortrn'eren der Task-Fn'st 

weiterhin das Auswerten einer Kostenfunktion zur Auswahl des 
Transf ortnati onsszenari os umf ast . 

6. verfahren nach Anspruch 5, wobei die Kostenfunktion der 

Transf ortnati onsfaktor ist, multipliziert mit der folgenden Grose: 
wobei S eine Kontextumwechselzeit , Tt)) der transformierte 
Task-zeitraum und Dt)) die transformierte Task-Frist ist. 

7. verfahren nach Anspruch 1, wobei das Transfortrn'eren der Task-Frist 

weiterhin das Auswerten einer Kostenfunktion zur Auswahl des 
Transformati onsszenari os aus mehreren moglichen 
Transf ortnati onsszenari en umf ast . 

8. verfahren nach Anspruch 1, wobei das Transfortrn'eren der Task-Frist 

weiterhin das Auswerten des Transformati onsszenarios unter verwendung 
von mindestens zwei Transformati onsfaktoren und das Auswerten einer 
Kostenfunktion zur Auswahl eines der mindestens zwei 
Transformati onsfaktoren fur das Transformationsszenario umfast. 

9. verfahren nach Anspruch 1, wobei das Definieren einer ersten Liste der 

mehreren Tasks weiterhin folgendes umfast: 
Definieren einer ersten Subliste mindestens einer Task (112) der 

mehreren Tasks (110), die an dem Senden von unverzogerten Nachrichten 
oder dem sich verlassen auf solche beteiligt sind, wobei die erste 
Subliste mit einer internen Task-Frist als ein Primarschlussel und 
einer internen Task-Kritizitat als ein Sekundarschl ussel sortiert 
wi rd ; 

Definieren einer zweiten Subliste verb! ei bender Tasks der mehreren 
Tasks, wobei die zweite Subliste mit einer benutzerspezifizierten 
Task-Frist als ein Primarschlussel und einer benutzerspezifizierten 
Task-Kritizitat als ein Sekundarschl ussel sortiert wird, und 

zusammenfuhren der ersten Subliste und der zweiten Subliste, wodurch die 
erste Liste der mehreren Tasks erzeugt wird. 

10. verfahren nach Anspruch 1, wobei das Multitask-System ein 
Flugsteuersystem ist. 

11. Maschinenlesbares Medium (1420), auf dem eine Anweisung gespeichert 
ist, die bewirken kann , das ein Prozessor (1410) ein Verfahren 
ausfuhrt, wobei das verfahren die folgenden Schritte umfast: 

Definieren einer ersten Liste mehrerer Tasks, wobei die erste Liste der 
mehreren Tasks mit einer Task-Frist als ein Primarschlussel und einer 
Task-Kritizitat als ein Sekundarschlussel sortiert wird; 

Transformieren der Task-Frist jeder der mehreren Tasks einzeln unter 
verwendung eines Transformationsszenarios , beginnend mit der Task mit 
der kleinsten Task-Frist, wodurch eine transformierte Task-Frist fur 
jede der mehreren Tasks erzeugt wird; 

Definieren einer zweiten Liste der mehreren Tasks, wobei die zweite 
Liste der mehreren Tasks mit der transformi erten Task-Frist als 
Primarschlussel sortiert wird und wobei weiterhin jede transformierte 
Task-Frist einer Task mit einer ersten Task-Kritizitat kleiner als 
jede transformierte Task-Frist einer Task mit einer kleineren 
Task-Kritizitat als die erste Task-Kritizitat ist; und 

zuweisen von Einteilungsprioritat in einer Reihenfolge der zweiten Liste 
der mehreren Tasks, wodurch eine zugewiesene Einteilungsprioritat 
erzeugt wird. 

12. Maschinenlesbares Medium (1420) nach Anspruch 11, wobei das 
Transformationsszenario aus der folgenden Gruppe ausgewahlt wird: 

Transformieren sowohl eines Task-zei traums als auch der Task-Frist einer 
Task durch Dividieren des Task-zeitraums durch einen 
Transformati onsfaktor , wodurch die transformierte Task-Frist und ein 
transformi erter Task-zeitraum erzeugt werden, wobei die 
transformierte Task-Frist in bezug auf den transformi erten 
Task-zeitraum eine vorzeitraumf ri st ist und wobei die transformierte 
Task-Frist einer letzten wi ederaufnahme der Task an der 
ursprunglichen Task-Frist auftritt; 

Transformieren sowohl des Task-zeitraums als auch der Task-Frist der 
Task durch Dividieren des Task-zeitraums durch einen 
Transformati onsfaktor , wodurch die transformierte Task-Frist und der 
transformierte Task-zeitraum erzeugt werden, wobei die ursprungliche 
Task-Frist der Task ein vielfaches des transformi erten zei traums der 
Task ist und wobei die transformierte Task-Frist gleich dem 
transformi erten Task-zeitraum ist; und 

Transformieren der Task-Frist der Task durch Dividieren der Task-Frist 
durch einen Transformationsfaktor , wodurch die transformierte 
Task-Frist erzeugt wird, wobei die transformierte Task-Frist der Task 
kleiner als jede transformierte Task-Frist anderer, zuvor 



transform! erter Tasks mit niedrigerer Task-Kritizitat ist. 
CLAIMS EP 1244963 Bl 

1. Procede de generation d'une priorite d ' ordonnancetnent assignee d'une 

pluralite de taches (110) dans un systeme multi tache (100), 
cotnprenant : 

la definition d'une premiere liste de la pluralite de taches, la 

premiere liste de la pluralite de taches etant triee en fonction d'un 
delai prescrit de tache en tant que cle primaire, et d'une criticite 
de tache en tant que cle secondaire ; 

la transformation du delai prescrit de tache de chacune parmi la 
pluralite de taches, une a la fois, en utilisant un scenario de 
transformation, en commencant par la tache presentant le moins grand 
delai prescrit de tache ; pour produire ainsi un delai prescrit de 
tache transforme pour chacune parmi la pluralite de taches ; 

la definition d'une deuxieme liste de la pluralite de taches, la 

deuxieme liste de la pluralite de taches etant triee en fonction du 
delai prescrit de tache transforme en tant que cle primaire, chaque 
delai prescrit de tache transforme d'une tache presentant une 
premiere criticite de tache etant en outre moins grand qu'un 
quelconque delai prescrit de tache transforme d'une tache presentant 
une criticite de tache moins grande que la premiere criticite de 
tache ; et 

1 'assignation d'une priorite d ' ordonnancement suivant un ordre de la 
deuxieme liste de la pluralite de taches, en produisant ainsi la 
priorite d 'ordonnancement assignee. 

2. Procede selon la revendication 1, dans lequel le delai prescrit de 

tache transforme d'au moins une parmi la pluralite de taches (110) 
correspond au delai prescrit de tache de ladite au moins une parmi la 
pluralite de taches. 

3. Procede selon la revendication 1, dans lequel le scenario de 

transformation est choisi parmi le groupe comprenant : 

la transformation a la fois d'une peri ode de tache et du delai prescrit 
de tache d'une tache (110) en divisant la periode de tache par un 
facteur de transformation, pour produire ainsi le delai prescrit de 
tache transforme et une periode de tache transformee, le delai 
prescrit de tache transforme etant un delai prescrit pre-periode 
vis-a-vis de la periode de tache transformee, et 

le delai prescrit de tache transforme d'une reprise finale de la tache 
correspondant au delai prescrit de tache initial ; 

la transformation a la fois de la periode de tache et du delai prescrit 
de tache de la tache en divisant la periode de tache par un facteur 
de transformation, pour produire ainsi le delai prescrit de tache 
transforme et la periode de tache transformee, le delai prescrit de 
tache initial de la tache etant un multiple de la periode transformee 
de la tache et le delai prescrit de tache transforme correspondant a 
la periode de tache transformee ; et 

la transformation du delai prescrit de tache de la tache en divisant le 
delai prescrit de tache par un facteur de transformation, pour 
produire ainsi le delai prescrit de tache transforme, le delai 
prescrit de tache transforme de la tache etant moins grand qu'un 
quelconque delai prescrit de tache transforme des autres taches 
precedemment transformees presentant une moins grande criticite de 
tache . 

4. Procede selon la revendication 3, dans lequel le scenario de 

transformation est evalue pour une pluralite de facteurs de 
transformation. 

5. Procede selon la revendication 3, dans lequel la transformation du 

delai prescrit de tache comprend en outre 1 'evaluation d'une fonction 
de cout en vue de selectionner le scenario de transformation. 

6. Procede selon la revendication 5, dans lequel la fonction de cout est 

le facteur de transformation multiplie par la quantite : ou : 
S est un temps de permutation contextuel 
Tt)) est la periode de tache transformee 
Dt)) est le delai prescrit de tache transforme. 

7. Procede selon la revendication 1, dans lequel la transformation du 

delai prescrit de tache comprend en outre 1 'evaluation d'une fonction 
de cout en vue de selectionner le scenario de transformation parmi 
une pluralite de scenarii de transformation possibles. 

8. Procede selon la revendication 1, dans lequel la transformation du 

delai prescrit de tache comprend en outre 1 'evaluation du scenario de 
transformation en utilisant au moins deux facteurs de transformation 
et 1 'evaluation d'une fonction de cout en vue de selectionner un 



parmi lesdits au moins deux facteurs de transformation pour le 
scenario de transformation. 

9. Procede selon la revendi cation 1, dans lequel la definition d'une 

premiere "liste de la pluralite de taches comprend en outre : 
la definition d'une premiere sous-liste d'au moins une tache (112) de la 
pluralite de taches (110) intervenant dans 1 'envoi ou dependant de 
messages non retardes, la premiere sous-liste etant triee en fonction 
d'un delai prescrit de tache interne en tant que cle primaire et 
d'une criticite de tache interne en tant que cle secondaire ; 
la definition d'une deuxieme sous-liste des taches restantes de la 
pluralite de taches, la deuxieme sous-liste etant triee en fonction 
d'un delai prescrit de tache precise par 1 'utilisateur en tant que 
cle primaire et d'une criticite de tache precisee par 1 'utilisateur 
en tant que cle secondaire, et 
la fusion de la premiere sous-liste et de la deuxieme sous-liste pour 
produire ainsi la premiere liste de la pluralite de taches. 

10. Procede selon la revendication 1, dans lequel le systeme multitache 
est un systeme de commande de vol . 

11. Support (1420) lisible par machine sur lequel est memorisee une 
instruction capable d'amener un processeur (1410) a mettre en oeuvre 
un procede, le procede comprenant la definition d'une premiere liste 
d'une pluralite de taches, la premiere liste de la pluralite de 
taches etant triee en fonction d'un delai prescrit de tache en tant 
que cle primaire, et d'une criticite de tache en tant que cle 
secondai re ; 

la transformation du delai prescrit de tache de chacune parmi la 
pluralite de taches, une a la fois, en utilisant un scenario de 
transformation, en commencant par la tache presentant le moins grand 
delai prescrit de tache, pour produire ainsi un delai prescrit de 
tache transforme pour chacune parmi la pluralite de taches ; 

la definition d'une deuxieme liste de la pluralite de taches, la 
deuxieme liste de la pluralite de taches etant triee en fonction du 
delai prescrit de tache transforme en tant que cle primaire, chaque 
delai prescrit de tache transforme d'une tache presentant une 
premiere criticite de tache etant en outre moins grand qu'un 
quelconque delai prescrit de tache transforme d'une tache presentant 
une criticite de tache moins grande que la premiere criticite de 
tache ; et 

1 'assignation d'une priorite d'ordonnancement suivant un ordre de 
la deuxieme liste de la pluralite de taches, en produisant ainsi une 
priorite d'ordonnancement assignee. 

12. Support (1420) lisible par machine selon la revendication 11, dans 
lequel le scenario de transformation est choisi parmi le groupe 
comprenant : 

la transformation a la fois d'une peri ode de tache et du delai prescrit 
de tache d'une tache en divisant la periode de tache par un facteur 
de transformation, pour produire ainsi le delai prescrit de tache 
transforme et une periode de tache transformee, le delai prescrit de 
tache transforme etant un delai prescrit pre-periode vis-a-vis de la 
periode de tache transformee, et 

le delai prescrit de tache transforme d'une reprise finale de la tache 
correspondant au delai prescrit de tache initial ; 

la transformation a la fois de la periode de tache et du delai prescrit 
de tache de la tache en divisant la periode de tache par un facteur 
de transformation, pour produire ainsi le delai prescrit de tache 
transforme et la periode de tache transformee, le delai prescrit de 
tache initial de la tache etant un multiple de la periode transformee 
de la tache et le delai prescrit de tache transforme correspondant a 
la periode de tache transformee ; et 

la transformation du delai prescrit de tache en divisant le delai 
prescrit de tache par un facteur de transformation, pour produire 
ainsi le delai prescrit de tache transforme, le delai prescrit de 
tache transforme de la tache etant moins grand qu'un quelconque delai 
prescrit de tache transforme des autres taches precedemment 
transformees presentant une moins grande criticite de tache. 
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Administration The Hebrew university, Mount Scopus, Jerusalem 91905, Israel 
Source: Computers and Operations Research v 31 n 3 March 2004. p 473-480 
Publication Year: 2004 
CODEN: CMORAP ISSN: 0305-0548 
Language: English 

Document Type: JA ; (journal Article) Treatment: T; (Theoretical) 
Journal Announcement: 0402W2 

Abstract: we address a due-date assignment and scheduling problem in a 
two-machine flow-shop setting. Our objective is to find both the job 
schedule and the common due-date which minimize maximum earliness, 
tardiness and due-date costs, we introduce an efficient (0(n**2 log n)) 
solution, based on repetitive use of the well-known Johnson Algorithm . 
Careful determination of the due-date in the course of sales negotiations 
with a customer is clearly an important task for the firm . A late 



due - date reflects a lower service level and incurs an obvious penalty 
for the supplier. For a given due-date, there are penalties associated with 
jobs completed early or late. This paper addresses a Just-ln-Time 
scheduling problem incorporating all these cost components. The machine 
setting assumed is a two-machine flow-shop, we show that an optimal 
solution (i.e., both an optimal due-date value and an optimal job 
schedule) can be found in polynomial time, copy 2003 Elsevier Ltd. All 
rights reserved. 10 Refs. 
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Document Type: JA; (journal Article) Treatment: T; (Theoretical) 
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Abstract: The problem of non-preemptive scheduling of real-time periodic 
tasks with specified release times on a uniprocessor system is known as 
NP-hard problem, in this paper we propose a new non-preemptive scheduling 
algorithm and a new static scheduling strategy which use the 
repetiti veness and the predictability of periodic tasks in order to 
improve schedul abilities of real-time periodic tasks with specified release 
times. The proposed scheduling algorithm schedules periodic tasks by 
using the heuristic that precalculates if the scheduling of the selected 
task leads to the case that a task misses a deadline when tasks are 
scheduled by the non-preemptive EDF algorithm, if so, it defers the 
scheduling of the selected task to avoid the precalculated deadline 
-missing. Otherwise, it schedules the selected task in the same way as the 
non-preemptive EDF algorithm. Our scheduling algorithm can always find a 
feasible schedule for the set of periodic tasks with specified release 
times which is schedul able by the non-preemptive EDF algorithm. Our static 
scheduling strategy transforms the problem of non-preemptive scheduling for 
periodic tasks with specified release times into one with same release 
times for all tasks. It suggests dividing the given problem into two 
subproblems, making a non-preemptive scheduling algorithm to find two 
feasible subschedules for the two subproblems in the forward or backward 
scheduling within specific time intervals, and then combining the two 
feasible subschedules into a complete feasible schedule for the given 
problem, we present the release times as a function of periods for the 
efficient problem division . Finally, we show improvements of 
schedulabilities of our scheduling algorithm and scheduling strategy by 
simulation results. (Author abstract) 22 Refs. 
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Abstract: in the paper, the differences between real-time systems and 
traditional database systems are discussed. The special characteristics of 
real-time database systems concerning resource and transaction management 
is presented. Existing concurrency control algorithms for real-time 
database systems are briefly described. A new optimistic concurrency 
control algorithm for firm deadline real-time database systems is 
presented. The algorithm , which is an extension of the OPT-WAIT 
algorithm , dynamically adjusts a serialization order among conflicting 
transactions and tries to reduce the number of unnecessary restarts of 
transactions. (Author abstract) 39 Refs. 
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Abstract: This paper addresses the problem of jointly scheduling tasks 
with both hard and soft real-time constraints, we present a new on-line 
aperiodic admission algorithm to be used with an optimal dynamic priority 
pre-emptive scheduler, such as the Earliest Deadline First (EDF) or the 



Least Laxity First (LLF) . The admission algorithm transforms a soft 
aperiodic task into a hard one by assigning a deadline. The proposed 
algorithm is shown to be optimal in terms of providing the shortest 
response time for soft aperiodic tasks among fixed and dynamic priority 
schedulers (assuming aperiodic tasks are served in a FCFS order ), 
without endangering the execution of any periodic task. The paper also 
shows how the main results and ideas developed for the fixed priority 
theory can be adapted and extended for dynamic priority schedulers. The 
algorithm has also been extended to work with firm deadline aperiodic 
tasks. (Author abstract) 14 Refs. 
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Abstract: This paper presents an optimistic priority-based concurrency 
control protocol that schedules active transactions accessing firm 
deadline real-time database systems. This protocol combines the forward 
and backward validation processes in order to control concurrent 
transactions with different priorities more effectively. For a 
transaction in the validation phase, it can be committed successfully if 
the serialization order is adjusted in favour of the transactions with 
higher priority and aborted otherwise. Thus, this protocol establishes a 
priority ordering technique whereby a serialization order is selected and 

transaction execution is forced to obey this order. This priority-based 
protocol addresses the problem of satisfying data consistency, with the 
goal being to increase the number of transactions that commit by their 
deadlines, in addition, for desirable real-time conflict resolution, this 
protocol intends to meet deadlines of higher priority transactions then 
lower priority transactions . (Author abstract) 17 Refs. 
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Abstract: Most existing scheduling algorithms for hard real-time systems 
apply either to periodic tasks or aperiodic tasks but not to both, in 
practice, real-time systems require an integrated, consistent approach to 
scheduling that is able to simultaneously meet the timing requirements of 
hard deadline periodic tasks, hard deadline aperiodic (alert-class) 
tasks, and soft deadline aperiodic tasks. This paper introduces the 
Deferrable Server (DS) algorithm which will be shown to provide improved 
aperiodic response time performance over traditional background and polling 
approaches. Taking advantage of the fact that, typically, there is no 
benefit in early completion of the periodic tasks, the Deferrable Server 
(DS) algorithm assigns higher priority to the aperiodic tasks up 
until the point where the periodic tasks would start to miss their 
deadlines. Guaranteed alert-class aperiodic service and greatly reduced 
response times for soft deadline aperiodic tasks are important 
features of the DS algorithm , and both are obtained with the hard 
deadlines of the periodic tasks still being guaranteed. The results of a 
simulation study performed to evaluate the response time performance of the 
new algorithm against traditional background and polling approaches are 
presented, in all cases, the response times of aperiodic tasks are 
significantly reduced (often by an order of magnitude) while still 
maintaining guaranteed periodic task deadlines. (Author abstract) 14 Refs. 
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Abstract: A major challenge addressed by conventional database systems 
has been to efficiently implement the transaction model, which provides the 
properties of atomicity, serializability, and permanence. Real-time 
applications have added a complex new dimension to this challenge by 
placing deadlines on the response time of the database system, in this 
paper, we examine the problem of real-time data access scheduling, that is, 
the problem of scheduling the data accesses of real-time transactions in 
order to meet their deadlines, in particular, we focus on firm deadline 

real-time database applications, where transactions that miss their 
deadlines are discarded and the objective of the real-time database system 
is to minimize the number of missed deadlines, within this framework, we 
use a detailed simulation model to compare the performance of several 
real-time locking protocols and optimistic concurrency control algorithms 
under a variety of real-time transaction workloads. The results of our 



study show that in moving from the conventional database system domain to 
the real-time domain, there are new performance-related forces that come 
into effect. Our experiments demonstrate that these factors can cause 
performance recommendations that were valid in a conventional database 
setting to be significantly altered in the corresponding real-time setting. 
(Author abstract) refs. 

Descriptors: *REAL TIME SYSTEMS; DATABASE SYSTEMS; SCHEDULING 
Identifiers: REAL TIME DATABASE SYSTEMS; TRANSACTION PROCESSING 
Classification Codes: 

722 (Computer Hardware); 723 (Computer Software); 913 (Production 
Planning & Control) 

72 (COMPUTERS & DATA PROCESSING) ; 91 (ENGINEERING MANAGEMENT) 



17/5/8 (Item 1 from file: 35) 
DIALOG (R) File 35 dissertation Abs Online 
(c) 2007 ProQuest info&Learning. All rts. reserv. 

02203186 ORDER NO: AADAA-H440847 

investigating an efficient resource allocation protocol for the least slack 
time scheduling algorithm 

Author: Pulikanti, Neelima 
Degree: M.S. 
Year: 2006 

Corporate Source/institution: Texas A&M university - Kingsville (1187) 
Adviser: Donald varvel 

Source: VOLUME 45/03 of MASTERS ABSTRACTS. 

PAGE 1538. 43 PAGES 
Descriptors: COMPUTER SCIENCE 
Descriptor Codes: 0984 

Real time scheduling algorithms are divided into two types; fixed 
priority and dynamic priority. Least Slack Time (LST) is a dynamic 
priority-scheduling algorithm where the priorities are calculated using 
slacks. A lower slack results in a higher priority. There is a need for a 
resource allocation protocol for this type of scheduling algorithm. In 
Dynamic Priority Ceiling Protocol (DPCP) the priorities are calculated 
dynamically. Since I am used LST, the priorities are calculated based on 
the slacks. 

I presented an implementation of DPCP using the LST scheduling 
algorithm. This protocol was applied to each critical section, which 
occurred whenever a job tries to lock a resource. The job can lock a 
resource or enter a critical section only when its priority is higher than 
the ceiling priority of the resource. The schedule resulted in fewer 
context switches when using LST than using Earliest Deadline First (EDF) . 
DPCP prevents chained blocking and deadlock. For calculating the 
priorities of <italic>n</italic> tasks using lst, we can use the zeST 
algorithm that uses binomial heap concept and it guaranties <italic> 0(1 og 
n)</italic> operations. I have also determined that implementation of 
priority queues for updating the ceiling priority of the <italion</italic> 
resource results in <italic>0(log n)</italic> operations. 
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Real-time computing is an enabling technology for many current and 
next generation applications. One of the key components of real-time 



systems is the scheduling of tasks, the objective of which is to meet task 
deadlines predictably. Traditional real-time task scheduling paradigms 
perform well in static or dynamic systems in which the workload can be 
accurately modeled, unfortunately, in many complex applications, 
unpredictable dynamic factors exist due to which precise workload 
characterization is difficult, in recent years, feedback control techniques 
have been successfully applied to address the issue of unpredictable 
workload in computing systems, in this dissertation, we develop 
feedback-based algorithms and analysis for some important dynamic 
scheduling problems in real-time systems. 

First, we address the problem of selective herbicide spraying in 
precision farming application. The goal is to achieve low weed miss ratio 
and high CPU utilization, we carry out system identification, vehicle 
modeling and controller design, in our design, the requested CPU 
utilization is fed back and the vehicle speed is controlled. The system 
model is verified and performance evaluation is carried out through 
simulation studies. 

The second problem is task scheduling based on (<italic>m, 
k</italic>)- firm deadline constraints in real-time systems. The 
proposed solution feeds back the current dynamic failure rate 
(<italic>DFR</italic>) and adjusts the task's QoS based on 
<italic>DFR</italic> on-line, we also propose a novel fairness metric to 
evaluate the fairness in QoS among tasks achieved by the scheduler. The 
simulation results show that the QoS of tasks can be improved significantly 
while keeping the <italic>DFR</italic> below a certain threshold. 

The third problem is combined task scheduling with fault tolerance in 
real-time systems, in our model, the rate monotonic scheduling algorithm 
and deferrable server algorithm are used to schedule periodic and aperiodic 
tasks, respectively. By using feedback control technique, we adjust the 
capacity of the deferrable servers based on the failure rate of the 
periodic tasks . The performances of the systems are evaluated through 
simulation studies. 

The last problem is task scheduling in distributed real-time systems, 
we propose a double-loop scheme to keep the deadline miss ratio close to 
the set point and maximize the CPU utilization, and analyze the stability 
of the system in z-domain. we also propose a global scheduling method to 
achieve load balancing by using a suitable load index. The performances of 
the systems are evaluated through simulation studies. 

The feedback-based solutions proposed in this dissertation are based 
on the principle of controlling the trade-off between deadline miss ratio 
and resource utilization. This idea can be adapted not only to other 
scheduling problems in real-time systems, but also to scheduling problems 
in non-real-time systems. 
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Research has been conducted on analyzing the online scheduling of 
aperiodic tasks with offline scheduled periodic task systems, based on 
Earliest Deadline First (EDF) [1], extending EDF [2] and using Optimal 
Priority Assignment method [3]. An acceptance test is performed in order 
to determine if the aperiodic task to be scheduled can be accepted or 
not. Research into on-line acceptance tests has been carried out by Chetto 
and Chetto [4] , Schwan and Zhou [5] and Kim [6] with respect to EDF 
scheduling. Other examples include aperiodic response-time minimization 
[7], slack stealing [8] and the reservation-based (RB) algorithm [9]. These 



scheduling algorithms work on scheduling aperiodic tasks with an offline 
schedule of periodic tasks. They use either EDF (Earliest Deadline First) 
or rm ( Rate Monotonic) algorithm to schedule the tasks , after the 
aperiodic task has been accepted. 

The Online-Offline scheduling method introduced here allocates 
aperiodic task with arbitrary release time and firm deadline on a 
uniprocessor along with a set of aperiodic tasks and one-shot tasks that 
have been previously scheduled using a guaranteed offline scheduler. This 
method uses <italic> Least Slack Time First</italic> (<italic>LST</italic>) 
algorithm to assign priority to the tasks , once the online tasks have 
been accepted. 
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The current study tested aspects of Solomon & Rothblum (1983) 
avoidance model of procrastination, and examined the effect of task 
structure and task order on subjective distress, negative 
self-statements, task performance, and dilatory behavior in academic 
procrastinators. Forty-six high procrastinators and 46 low procrastinators, 
who were selected using the Aitken Procrastination Inventory, responded to 
a series of evaluative academic tasks, within a limited period of time (two 
approximately 30 minute sessions, Part I), and extended period of time (2 
weeks, Part II) . Participants first completed self-report measures of trait 
anxiety (STAI) and depression (BDl) . Dependent measures included two 
behavioral measures of procrastination: latency to begin, and duration of 
time to complete the tasks. Participants also completed ratings of 
subjective units of distress (SUDS) and a measure of negative 
self-statements twice during the experiment. 

in Part II, participants were asked to complete and return a one page 
paper take home assignment as soon as possible with a final deadline of 
two weeks. Procrastination was measured by the number of days they took to 
return the take home assignment. Two independent raters evaluated the 
quality of participants' work. 

On behavioral measures of procrastination, high and low 
procrastinators did not differ in latency to begin the specific tasks. 
However, high procrastinators took a significantly greater duration of time 
by 19% to complete the tasks than low procrastinators did. unexpectedly, 
high and low procrastinators were found to take a significantly greater 
latency to begin and duration of time to complete structured vs 
unstructured tasks. High procrastinators also took significantly more time 
by 29% to complete and return the one page take home assignment than low 
procrastinators, despite showing no difference in the quality of their 
work. 

These results in part supported the current model of procrastination 
that high procrastinators harbor more emotional distress than low 
procrastinators and engage in more dilatory behavior. High procrastinators 
reported significantly more anxiety and depression than low procrastinators 
did on the STAI and BDl before the study began, and reported more 
subjective distress on the SUDS and negative self-statements when faced 
with evaluative academic tasks during the experiment. 
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whereas transaction processing under deadline constraints has been the 
main focus of prior real-time database research, in this thesis, we focus 
on issues raised by the presence of temporal data and replicated data, in 
particular, we study the problem of data consistency maintenance and 
transaction scheduling in real-time databases dealing with temporal data 
and replicated data. 

Unlike traditional real-time databases, timing constraints of 
transactions operating with temporal data quite often have their origins in 
the temporal properties of the data. Such data is sampled periodically and 
usable only within certain time limits, it is a very important task of 
a real-time database to satisfy the temporal consistency of data. Therefore 
we have investigated two specific problems for real-time transactions 
dealing with temporal data: (a) given transactions with deadlines, and 
given the temporal properties of the data, how should transactions be 
processed so that they are not aborted for lack of temporally valid data; 
(b) how should deadlines and periods (for transactions that update the 
database) be assigned so that temporal validity of data is maintained while 
the load imposed by the transactions is minimized. To address problem 
(a) the concept of data-deadline is developed, and time cognizant 
transaction scheduling algorithms based on data-deadline, forced wait and 
similarity protocols are proposed. It is shown that these algorithms 
produce considerable performance improvement. To address problem (b) a 
novel approach, More-Less, is proposed. Our analysis and experiments show 
that More-Less can provide better schedul abi 1 i ty and reduce update 
transaction workload while guaranteeing data timing constraints. 

We then investigated the problem of replicated data consistency in 
distributed real-time databases. Data replication can help database systems 
meet the stringent temporal constraints of current real-time applications, 
in this thesis, we present MIRROR, a concurrency control protocol 
specifically designed for firm - deadline applications operating on 
replicated real-time databases. MIRROR augments the classical 02PL 
concurrency control protocol with a novel state-based real-time conflict 
resolution mechanism. Our performance studies show that MIRROR provides the 
best performance in both fully and partially replicated environments for 
real-time applications with moderate update frequencies. 
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Most research in real-time scheduling theory assumes idealized system 
conditions. The issues that can arise in applying the theory to real -world 
applications remain largely unaddressed, which are the focus of this 
thesis, in particular, we develop practical approaches for hard and 



probabilistic deadline guarantees in the presence of real-time operating 
system (RTOS) unpredictability, such as timer interval and task execution 
time variations. Our target application domain is open-architecture machine 
tool controllers. 

Rate-monotonic (RM) has been proven to be an optimal fixed-priority 
scheduling algorithm for periodic hard real-time tasks. However, given RTOS 
unpredictability, the periodicity model of the original RM scheduling 
theory is no longer true, in order to provide hard deadline guarantees, we 
introduce an empirical task schedulability model, called <ita"lic> Rate 
-Monotonic in the presence of Timing unpredictabi"lity</ita"lic> (RMTU) to 
augment the RM theory to handle RTOS unpredictability. The model parameters 
can be determined systematically and empirically. Our experimental 
measurements confirm the validity of RMTU. 

while hard real-time tasks require absolute deadline guarantees, 
others may be able to tolerate some deadline misses. For non-hard real-time 
tasks that still require a certain level of performance, we develop a 
practical framework for probabilistic deadline guarantees. The first 
component of this framework is the <italic>Probabilistic Real-Time 
Constraint Model</italic> (PRTCM) , with which the tolerance of application 
task deadline misses can be specified in terms of <italic>completion 
probability</italic>. The second component consists of two classes of new 
scheduling algorithms: completion-probability-cognizant and 
CPU-utilization-cognizant heuristics. Our comparative study of these 
heuristics and scheduling algorithms RM, earliest-deadline-first, and 
first-in-first-out demonstrates the superior performance of some new 
heuristics under certain load conditions. 

The last component of the framework is the <ital i oMeasurement-Based 
Simulation Technique</italic> (MB ST) . It uses individual application task 
execution times (measured in isolation) as inputs, models task interaction 
and system overhead, and generates task completion time distributions to 
determine whether probabilistic deadline guarantees can be made. Applying 
MBST to our prototype open-architecture milling machine controllers, MBST 
is shown to produce simulation results that match very well the actual 
measurements. It can also be used to predict the performance of tasks that 
have not yet been fully implemented. 

Finally, we evaluate real-time application development strategies to 
minimize the impact of RTOS unpredictability. We build a prototype modular 
controller for a milling machine in the university of Michigan 
Open-Architecture Controller (UMOAC) testbed. To improve its performance, 
we experiment with the strategy that tunes the computer system environment 
for the given application, as well as the strategy that attempts to 
optimize the structure of the application software itself. Our measurement 
data show that, while both strategies are effective, the latter produces 
better results. 
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interest in real-time scheduling increases as applications with 
quality of service (QoS) and timeliness constraints proliferate. The 
classical real-time task model, used in the optimal Rate Monotonic 
Scheduling (RMS), assumes constant resource requirements and hard 
deadlines. For the many applications with variable resource requirements, 
RMS uses pessimistic worst-case values and results in severe resource 
underutilization. To eliminate such underutilization, this dissertation 
examines how the variability of resource requirements should be considered 
in the problem of scheduling periodic tasks with statistical QoS 



constraints on the percentage of missed deadlines. To solve this problem, 
two on-line algorithms and an oracle are introduced, simulated and 
evaluated using two novel metrics. To show applicability, a computer-aided 
design tool and a design and implementation in KURT Linux are presented. 

The primary contribution, Statistical Rate Monotonic Scheduling 
(SRMS) , is proposed with associated analysis for the calculation of 
statistical QoS guarantees and, given QoS requirements, proper resource 
allocation. SRMS assumes that variability can be smoothed through 
aggregation. It consists of a QoS calculator, a feasibility test, a 
scheduler and a constant-time job admission controller. Extensions provide 
time aggregation across tasks and a second chance for rejected jobs. 

Additional algorithms--Slack Stealing Dob Admission Control (SSJAC) 
and an omniscient off-line oracle--are introduced to permit comparison of 
SRMS with previous research and with theoretical performance bounds. 
Different value functions enable the oracle to yield solutions optimal 
according to different metri cs--completion count, effective processor 
utilization (EPU) , and job failure rate (JFR). The value function for 
the latter is introduced to provide a metric which considers all tasks of 
equal value. 

via simulation, the performance of the algorithms is examined with 
JFR, EPU and two novel metrics. $\Delta$QoS evaluates the accuracy of QoS 
calculations, intertask unfairness evaluates how unfair an algorithm is 
to different priority tasks . Experiments show that SRMS has superior 
performance during overload when the adjacent period ratio is at least two. 

To facilitate application development, the SRMS workbench, a 
computer-aided design tool and simulator, and a design and implementation 
of SRMS in KURT Linux are provided. An API is introduced to support soft/ 
firm - deadline and design-to-time tasks. The SRMS workbench implements 
simple QoS negotiation and calculation of system specifications for 
requested QoS. 
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Order release is an important job shop scheduling function that 
plans and controls the release of jobs to the shop floor. Deterministic 
simulation has been proposed to determine order release times with either a 
forward or backward approach, we investigate the feasibility and 
performance of several different backward simulation approaches for job 
shop scheduling purposes. First, we specify a job shop scheduling 
simulation model using DEVS formalism, we show that the inverse of the 
transition function is not well defined if a queue is present. 

Next, we show that backward simulations often introduce some arbitrary 
machine idle times, we develop a backward simulation algorithm that starts 
from job due dates and represents the forward FIFO sequencing rule when we 
augment some job processing times to keep machines busy during the 
arbitrary machine idle times. This procedure performs well in terms of mean 
flow time and mean absolute deviation from due date when the job shop 
is not heavily congested and jobs have different due dates. 

we then develop a two-pass algorithm that starts with a modified 
backward algorithm and ends with a forward simulation. This procedure 
yields significantly better mean flow time than the single-run forward 
simulation. The procedure also improves the mean flow time and the mean 
tardiness measure of the single-run backward simulation for heavily 
congested shop cases. 

Finally, we develop a bi-directional simulation algorithm that starts 



and ends with a forward simulation run. The algorithm includes a number of 
additional reversed and forward runs in between the first and last runs. 
The reversed run is essentially a forward simulation performed on a 
reversed problem formulation. The algorithm improves the mean flow time 
significantly for all scenarios we tested, and the mean tardiness measure 
is also improved in most cases. Since this algorithm does not require job 
due date information, its effectiveness remains the same whether jobs have 
a common due date or various due dates. 
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This study considers two related single machine scheduling problems in 
which there are a number of part types to be processed. Two jobs are of the 
same part type if the machine does not require a setup in between the 
processing of these jobs. Otherwise, it requires a significant setup. 

in this setting, the first problem of concern is the Feasibility 
Problem which can be defined as follows: Given a set of production orders 
with due dates, is it possible to fulfill all the orders on time? in this 
study, a set of feasibility conditions are derived which characterize the 
feasible schedules. Later, a heuristic and an exact algorithm are developed 
to solve the problem. Both algorithms are designed to make use of the 
feasibility conditions. The heuristic algorithm is tested using randomly 
generated problems. 

The second set of problems is concerned with the due date 
determination decision, it is assumed that the facility has a number of 
jobs with preassigned due dates scheduled so that none are tardy. The 
objective is to assign due dates to a set of newly arrived jobs so that 
total weighted due date or maximum due date is minimized and a 
schedule where no job is tardy can be generated. 

The first due date determination problem considered is the insertion 
Problem, where we assume that the initial sequence of the existing jobs in 
the facility is not to be disrupted. The complexity of a set of special 
cases is examined and dynamic programming formulations and heuristics with 
data-dependent worst-case error bounds are provided for the NP-hard case. 
Computational analysis of the heuristics is also reported. 

in the second problem (Merging Problem), the constraint of preserving 
the initial sequence is relaxed, in this case, the problem is shown to be 
NP-hard. A set of optimal ity conditions are developed and they have been 
implemented as fathoming rules in a branch and bound algorithm. Also, a 
lower bound for the problem is defined. Computational analysis are 
performed to see the effectiveness of the fathoming rules and the lower 
bound. (Copies available exclusively from Micrographics Department, Doheny 
Library, USC, Los Angeles, CA 90089-0182.) 
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A growing number of database applications are having to meet real-time 
requirements. These timing requirements may be expressed at the database 
system interface by assigning completion deadlines to transactions, in this 
thesis, we study the problem of transaction scheduling in database systems 
supporting such real-time applications, in particular, we focus on 
applications with firm deadlines. Firm - deadline applications consider 
transactions that do not complete by their deadlines to be worthless and 
therefore discard late transactions, within the firm - deadline context, 
two cases that differ in the utility associated with completing a 
transaction before its deadline are examined here, in the same-value case, 
all transactions have equal utility from the application's perspective and 
the goal of the real-time database system is to maximize the number of 
in-time transactions, in the multiple-value case, different transactions 
have different utilities to the application and the goal of the real-time 
database system is to maximize the total value of the in-time transactions. 

in this thesis, we present new real-time concurrency control protocols 
and priority assignment policies for transaction scheduling in the 
same-value and the multiple-value cases. The concurrency control protocols 
are based on the optimistic approach to maintaining database consistency. 
The priority policies are based on simple real-time scheduling observations 
and adapt their priority assignment to match the database operating 
environment. Results from a wide range of simulation experiments indicate 
that the real-time optimistic concurrency control protocols are 
fundamentally better suited than their locking-based counterparts to the 
firm - deadline environment. The results also show that the adaptive 
priority policies provide better performance than fixed priority policies, 
in particular, for the multiple-value case, priority policies that 
adaptively change the relative importance of transaction values and 
deadlines deliver considerably better performance than policies that 
establish fixed tradeoffs between these characteristics. 

in summary, this thesis sheds light on issues involved in real-time 
transaction scheduling, and presents new scheduling algorithms that come 
closer to meeting the challenges of the real-time domain. 
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Abstract: This paper is concerned with the on-line problem of scheduling 
jobs with tight deadlines in a single-processor system. It has been known 
for long that in such a setting, no on-line algorithm is optimal (or 
1-competitive) in the sense of matching the optimal off-line algorithm on 
the total value of jobs that meet the deadlines; indeed, no algorithm can 
be Omega (k) -competitive, where k is the importance ratio of the jobs . 
Recent work, however, reveals that the competitive ratio can be improved to 
0(1) if the on-line scheduler is equipped with a processor 0(1) times 
faster; furthermore, optimality can be achieved when using a processor 
O(log k) times faster. This paper presents a new on-line algorithm for 
scheduling jobs with tight deadlines, which can achieve optimality when 
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Abstract: A new optimistic concurrency control algorithm for firm 
deadline real-time database systems is presented. The algorithm 
dynamically adjusts a serialization order among conflicting 
transactions and, thus, tries to reduce the number of unnecessary 
restarts of transactions instead of aborting a lower priority 
transaction being in conflict with already committed higher priority 
transaction the algorithm is looking for a new serialization order, 
i.e. it tries to serialize the transaction before the conflicting one. 
Through simulation experiments, we evaluate the performance of the 
algorithm, and compare the algorithm with two well-known optimistic 
concurrency control algorithms: OCC and OPT-BC. Experimental results have 
shown that the performance of the algorithm depends on a system workload. 
The probability of successful reordering of conflicting transactions 
decreases with the increasing number of conflicts between the transactions. 
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Abstract: Presents an optimistic priority-based concurrency control 
protocol that schedules active transactions accessing firm - deadline , 
real-time database systems. This protocol combines forward and backward 
validation processes in order to control concurrent transactions with 
different priorities more effectively. A transaction in the validation 
phase can be committed successfully if the serialization order is adjusted 
in favour of the transactions with higher priority and aborted 
otherwise. Thus, this protocol establishes a priority ordering technique 
whereby a serialization order is selected and the transaction execution 
is forced to obey this order. This priority-based protocol addresses the 
problem of satisfying data consistency, with the goal being to increase the 
number of transactions that commit by their deadlines, in addition, for 
desirable real-time conflict resolution, this protocol is intended to meet 
more deadlines of higher priority transactions than of lower priority 

transactions . (17 Refs) 
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One of the major challenges in the design of future-generation high-speed 
networks is the provision of quality-of -service (QoS) to real-time traffic. 
In this paper, we propose a novel scheduling scheme, namely differentiated 
dropping scheduling (DDS) , which is designed to handle real-time traffic in 
passive star-coupled wavelength division multiplexing (WDM) optical 
networks. By taking channel and destination availability into account, DDS 
can dramatically improve network performance in terms of message loss rate. 
Moreover, this scheme has the capacity of preventing channel collision and 
destination conflict, in order to evaluate the proposed DDS algorithm, 
extensive discrete-event simulations and mathematical performance 
comparison are conducted by comparing its performance with Moore and 
Hodgson's algorithm and the earliest- due - date (EDD) algorithm. The 
results show that DDS can achieve the best performance among the three 
algorithms . 
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ABSTRACT: An analysis methodology for managing real-time requirements in a 
distributed industrial computing situation is presented. A comprehensive 
robotics example taken from a typical industrial application shows the 
application of the generalized, rate-monotonic scheduling theory. The 
system must guarantee that each task on each node meets its deadline and 
that system-level timing constraints are satisfied. A divide -and-conquer 
approach is used to understand and control the rate-monotonic application's 
timing behavior. The rate-monotonic scheduling algorithm can be extended 
to provide excellent response times to aperiodic tasks; analyze loss in 
schedulable utilization; ensure the most important tasks meet their 
timing requirements in cases of transient overload; extend the processor 
scheduling theory to communication subsystems; develop a theory of 
predictable mode changes; incorporate rate-monotonic-scheduling support 
into Ada, Posix, and Futurebus+; and solve other practical problems. 
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ABSTRACT : 

Database applications that arise in the real-time domain have to meet 
timing requirements. At the database system interface, these timing 
requirements may translate into completion deadlines, in particular, we 
focus on applications with firm deadlines, which consider transactions that 
do not complete by their deadlines to be worthless and therefore discard 
late transactions that do not complete by their deadlines to be worthless 
and therefore discard late transactions, within the firm - deadline 
context, two cases that differ in the utility associated with completing a 
transaction before its deadline are examined here, in the same-value case, 
all transactions have equal utility from the application's perspective and 
the goal of the real-time database system is to maximize the number of 
in-time transactions, in the multiple-value case, different transactions 
have different utilities to the application and the goal of the real-time 
database system is to maximize the total value of the in-time transactions. 



in this thesis, we present new real-time concurrency control protocols and 
priority assignment policies for transaction scheduling in the 
same-value and the multiple-value cases. The concurrency control protocols 
are based on the optimistic approach to maintaining database consistency. 
The priority policies are based on simple real-time scheduling observations 
and adapt their priority assignment to match the database operating 
environment. Results from a wide range of simulation experiments indicate 
that real-time optimistic concurrency control protocols are fundamentally 
better suited than their locking-based counterparts to the firm - deadline 
environment. The results also show that adpative priority policies provide 
superior performance to fixed priority policies, in particular, for the 
multiple-value case, priority policies that adpatively change the relative 
importance of transaction values and deadlines deliver considerably 
better performance than policies that establish fixed tradeoffs between 
these characteristics. 
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